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Foreword 


ycdic M/ifhcmaiks by the late S;ihkaracarya (Bharati Kfjea 
TirUia} of Govardhafla PithaLs a monumental work. In his deep* 
layer explorations of cryptic Vcdic mysteries relating specially to 
ilieir calculus of shorthand fornulae and their neat and ready 
application to practical problems, the late ^nkaracarya shows 
(he rare combination of the probing insight and revealing intui¬ 
tion of a Yogi with the analytic acumen and synthetic talent of a 
mathematician. With the late Saiikaracarya we belong lo a race, 
now fast becoming extinct, of die-hard believers who think that 
the Vedas represent an inexhaustible mine of profound wisdom in 
matters both spiritual and tempoml; and chat this store of wi&dom 
was noi. as regards its assets of fundamenial validity and value at 
least, gathered by the laborious inductiveand deductive methods 
of ordinary systematic enquiry, but was a direct gift of revelation 
to seers and sages who in their higher reaches of Yogic realization 
were competent to receive it from a source, perfect and immacu¬ 
late. But we admit, and the late Sankar^carya has abo practically 
admitted, that one cannot expect to convert or revert criticism, 
much less carry conviction, by merely asserting one*s staunchest 
beliefs. To meet these ends, one must be prepared to go the whole 
length of testing and verification by accepted, accredited methods. 
The late Sankaracarya has, by his comparative and critical study 
of Vcdic mathematics, made (his essential requirement In Vedic 
studies abundantly clear. So let us agree to gauge Vedic mysierics 
not as we gauge the far-off nebulae with the poet’s eyes or with 
iliat of the seer, but with the alert, expert, scrutinizing eye of the 
physical astronomer, if we may put It as that, 

That there is u consolidated metaphysical background in the 
Vedas of the objective sciences including mailicmatics as regards 
ihcir basic conceptions is a point that may be granted by a thinker 
wJio has looked broadly and deeply into boUi the realms. 
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In our p^ijicr rk:ocnlly publis!uiU-* IUc MciapUjsks rhy\i< ,* 
y\x ntlcnipifd in took Inin i lie inyMcric^ of creative rru rr'r ,'^ 
confined in lP;c ivcll-knoivn coynopenic Itymn <Kp, X. 
n view 10 unvciliiip I he mciaphjsic.d bjckprouiid v.hcfc both an- 
ciem isisiiom ami modern phyi^icsinny meet op a common W.\ * , 
of logical undcfslandinp. imd compare notes, discovering, where 
possible, poinis of sipnificani nr suggestive parallelism between 
the tuo sets of concepts, nncicni and modern. That metaphysical 
background Includes malhcnialics also; because physics as ever 
pursued is the application of mathcmaiICS to given cr specified 
sp.'icc«tfnie*c\'CDt situations. There we examined topos as a funda¬ 
mental creative formula whereby the Absolute emerges into the 
realms of measures, variations, limits, frame-works and relations. 
And this descent follows a logical order which seems to lend itself, 
within a framework of conditions and specifications, to mathe¬ 
matical analysis. Jidrri in the Hymn represents the Principle of 
Li mi l s. for exa m pi e, fionca Sai}ofica stand for Becom 1 ng {Cclana- 
kalatia) and {'mrtann-kAhnd^ at a stage where limits or 

conditions or conventions do not yet arise or apply. The former 
gives the unconditioned, unresiricted how or thus of cosmic pro¬ 
cess, the latter, what cr //urr of existence. Toper, which cones- 
ponds to Ardhamatra in Tantric symbolism, negotiates, in its role 
specially of critical variation, between what is, ub wn'rw, uncondi¬ 
tioned and unrestricted, and what appears otherwise, as for 
instance, in our own universe of logico-maihemat leal appreciation. 

This is. necessarily, abstruse nctaphysics. but it is. nevertheless, 
the starting background of both physics and mathematics. But for 
all practical purposes we must comedown from mystic nebulae to 
the terra jirma of our actual apprehension and appreciation- That 
is to say. we must descend lo our own pragmatic levels of time- 
space-event situations. Here we face actual problems, and one 
mu^t meet and deal with these squarely without evasion or mysti¬ 
fication. Tiie late Sankaracarya has done this masterly feat wiihan 
adroitness that compels admiration. 

It follows from the fundamental premises that the universe we 
live in must have a baste mathematical structure, and consequent¬ 
ly, to know u fact or obtain urctuU herein, to any required degree 
of precis] on, one in US i obey the rule of mathcmulical measures 
and relations. This, however, one mny do consciously or senu* 
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consciously, s>Mcmaficilly or haplia/anUy. Hvcn some species of 
losscrammaK arc by insefnci piflcd malhcmaHciam; for example, 
ihc mipratory bird w\xkh flics thousands of miles off from ils rest 
and after ^ period, unerringly returns. This implies a subconscious 
inadicniaiical talent that works wonders. We may cite iJic caw of 
a horse who was a maihciiialical prodigy and could ‘IcIV the 
result of a cube root (requiring 32 opcralions, according to M. 
Maicriink in his ‘Unknown Quest’) in a twinkle of the eye. This 
sounds like magic, but it is undeniable that the feat of mathe¬ 
matics does sometimes assume a magical look. Man. undoubtedly, 
has been given his share of this nia^cal gift. And he cao improve 
upon it by practice and discipline, by Yoga allied methods. 
This is also undeniable. Lately, he has devised the ‘automatic 
brain* for complicated calculations of science, that look like 
magic. 

But apart from this 'magic*, there is and has been, the ‘logic* 
of mathematics also. Man works from instinct, talent, or even 
genius. But ordinarily he works as a logica! entity requiring speci¬ 
fied data or premises to start from, and more or less elaborate 
steps of reasoning to arrive at t conclusion. This is his normal 
process ofJnduction and deduction. Here formulae {SQiras) and 
relations (e.g. equations) must cbtalo as in mathematics. The 
magic and logic of mathematics in some cases get mixed up; but 
it is sane to keep them apart. You can get a result by magic, but 
when you arc called upon to prove it, you must have recourse to 
logic. 

Even in this latter case, your logic, your formulae and applica¬ 
tions may be either simple and c egani or complicated and cum¬ 
bersome. The former is the Ideal to aim at. We have classical 
instances of master mathematicians whose methods of analysis 
and solution have been regarded as marvels of cogency, compact¬ 
ness and elegance. Some have been 'beautiful* as a poent. e.g. 
Lagrange's‘Analytical Mechanics’. 

The late ^aftkaracarya lias clained. and rigluly we may think, 
that the Vedic SfUras and their applications possess these virtues 
to a degree of eminence that cannot *jc challenged. The outstand¬ 
ing merit of his ivork lies in his aaual proving of this eonicntion. 

Whether or not the Vedas be bcliev^ as repositories of perfect 
wisdom, it is unquestionable tlwt the Vetlic race lived not as 
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merely pastoral folk possessing a hatf-or-quaner«Uevelopcd cul¬ 
ture and civilization. The Vcdicseers were, again, notmere ‘navel- 
gazers* or ‘nose-tip-gazers’. They proved themselves adepts in all 
levels and branches of knowledge, ihcorcticai and practical. For 
example, they had their varied objective science, both pure and 
applied. 

Let us take a concrete illustration. Suppose in a time of drought 
we require rains by artificial means. The modern scientist has hts 
own theory and art (or technique) for producing the result. The 
old seer scientist had his both also, but different from these now 
availing. He had his science and technique, called Yaj/ia, in which 
-\/<7nrro, Trnwrn and other factors must co-operate with mathe¬ 
matical determinateness and precision. For this purpose, he had 
developed the six auxiliaries of the Vedas in each of which mathe¬ 
matical skill and adroitness, occult or otherwise, play the decisive 
role. The Siiti-et lay down the ihortwtand surest lines. The correct 
intonation of the Stantra, the correct configuration of the Yantra 
(in the making of the Kc<f/etc.. c.g. the quadrature of a circle), 
the correct time or astral conjugation factor, the correct rhythms 
etc., all had to be perfected so as to produce the desired result 
effc^ivcly and adequately. Each of these required the calculus of 
mathematics. The modern technician has his logarithmic tables 
and mechanics* manuals; (he old Y&JAika had his Siitrns. How 
were the Siitras obtained—by magic or logic or both—is a vital 
matter we do not discuss here. The late ^ahkarac^rya has clatnied 
for them cogency, compactness and simplicity. This is an even 
more vj(a) point, and we think, he has reasonably made it good. 

SwAJif PratyacAtmanani>a Sara swat! 


I'ordnasi 
March 22. 1965 
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Vedic Mathematics 

OR SIXTEEN SIMPLE MATHEMATICAL FORMULAE 
FROM THE VEDAS 


ScxTiEN Sutras and Their Corouasibs 
Surras SuIhSirras cr Corollaries 

1. 1. 41 

Ekodhikena PUrvtrta (also AnurUpyetfa 

A eorollafy) 

2. i W f i ss r Tsf wm: 2. ftr«r?r 

Nikkilmji Narataicaramm iifyate Sesasan^hab 

Dabtlofi 

3. 3. 

Ordhfa-tlryaghhySrp AdyamddyenBntyo’maniye- 

na 

4. qrwwtfNTO 4. 

ParAsartya Yejayet KevaJalk Sapiakam Cup- 

ydt 

5. JRf 5, 

^yam sinyasamuecaye Veifanam 


6. 

{Anuri^ye) S^yamanyat 

7« 

SokkaiarW' vycrnkalorAl' 
bHyam (also a corollary) 

S. 

ParapUpura^dbhySm 


6, «na?;sf 

Yavad&nam Tovaduna/rt 

7, ^ 

Kaw(&M/7( 

Vargafica Tojayei 

8, sl»W*ft??I%3p? 
An\yayordaiake*pi 
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Sutras 

% 

Calwta^Kalanabhyd/n 

10 . 

Yavadunam 

11. 

Vya$iisamastib 

12. %q' fit’ll 
SesdJjyahkena Caramet^a 

13. Ht'TW1Tr«WTT 

% 

Sopdn tyadvayaman tyam 

14. 

EkanyQnena PUrveria 

15. 

Gurytasamuceayaft 

16. 

Gu^akasamitccayah 


SiilhSuiras or Corollaries 

9. 

Antyayoreva 

10 . 

Samueeayaguiiitab 

U. 

LopanasthapartSbhydm 

12 . 

VUckanam 

13. 

GtmUasamuccayait 

Samuccayogut^tab 


[Note: This list has b«cii compiled from ^ray references in the 
text—E ditor] 
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Prolegomena 


In our ‘Descriptive, Prefatory Note on the Astounding Wonders 
of Ancient Indian Vedic Mathematics*, we Iiavc again and again, 
so cf^en and at such great length and with such wealth of detail, 
dwelt on tht almost incredible simplicity of the Vedic Mathe* 
matical Sutras (aphorisms or formulae) and (he indescribable case 
with which they can be understood, remembered and applied 
(even by little children) for the solution of the wrongly-believed- 
to-be ‘d I Oku It* problems in the various branches of Mathematics 
that we need not, at this point, traverse the same ground and 
cover the same held once again here. 

Suffice it, for our present immediate purpose, to draw (he 
earnest attention of every scientifically-inclined mind and rc- 
searchward-attuned intellect, to the remarkably extraordinary and 
characteristic—nay, unique fact that the Vedic system docs not 
academically countenance (or actually follow) any automatical or 
mechanical rule even in respect of the correct sequence or order 
to be observed with regard to the various subjects dealt with in 
the various branches of Mathematics (pure and applied) but leaves 
it entirely to the convenience and the inclination, the option, the 
temperamenial predilection and even the individual idiosyncracy 
of the teachers and even the students themselves as to what parti¬ 
cular order or sequence they should actually adopt and follow! 

This manifestly out-of-ihe-common procedure must doubtless 
have been due to some special kind of historical background, 
background which made such a consequence not only natural but 
also inevitable under the cireumstances in question. 

Immemorial tradition hash and historical research confirms 
the orthodox belief that the sages, seers and saintsof ancient India 
who arc accredited with having observed, studied and mediiatcd 

in the Aranya (i,c, in forest-solicitude)— on physical nacunraround 
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them and deduced ihcir grand Vcctantic Philosophy therefrom as 
the result not only of iJicir ihcorcUcal reasonings but also of what 
may be more fittingly described as True Realisation by means of 
Actual VisuaUsation seem to have similarly observed, studied and 
meditated on the mysterious workings of numbers, figures etc. of 
the mathematical world (to wit, NatureJ around them and deduc¬ 
ed their Mathematical Philosophy therefrom by a similar process 
of what one may. equally correctly, describe as processes of True- 
Realisation by means of Actual Visual!s^ion. 

And. consequently, it naturall) follows that, inasmuch as, un¬ 
like human beings who have their own personal prejudices, parlia- 
Htics, hatreds and other such siJyec/ive factors distorting their 
visions, warping their judgements and thereby contributing to 
their inconsistent or self-contradictory decisions and discrimi¬ 
natory attitudes, conducts etc. numherj in Mathematics labour 
under no such handicaps and disadvantages based on personal 
prejudices, partialitjcs, hatreds etc. They are, onihecontr^, 
strictly aod purely impersonal and ohjoctiyfe in their behaviour 
etc., follow the same rules uniformly, consistenly and invariably 
wiih no question of outlook, approach, personal psychology etc, 
involved therein and are therefore absolutely reliable and depend¬ 
able. 

This seems to have been the real historical reason why, barring 
a few unavoidable exceptions in ihc shape of elementary, basic 
and fundamental first principles (of a preliminary or prerequisite 
character), almost all the subjects dealt with in the various 
branchesofVedic Mathematics are explicable and expoundable 
on the basis of those very‘basic principles'or *firsL principles*, 
with the natural consequence that no particular subject or subjects 
(or chapter or chapters) need necessarily precede or follow some 
other particular subject or subjects (or chapter or chapters). 

Nevertheless, it is also undeniable (hat, alihou^ any particular 
sequence is quite possible, permissible and feasible, yet, some 
particular sequence will actually have to be adopted by a teacher 
(and, much more, therefore, by an author). And so, we find that 
subjects like analytical conics and even calculus differential and 
ioiegral (\vhich is usually the bugbear and tenor of even (he 
advanced students of mathematics under the present system all 
the world over) are found to figure and fit in at a very early stage 
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in our Vc<lic Maihcnialici hctau'ic of ihclr being expounded ami 
worked out on basic firsi principlci;. And ihcy lielp thereby to 
facilitate nimhemaiical study cspcejally for the children. 

And, with our niorc-thandmir-.vccniury’s actual persona) ex¬ 
perience of the very young mathematics-students and their diHl* 
cuUies. we liavc found the Vcdic sequence of subjects und chap* 
I ers I he most suitable for our purpose, namely, the eliminating 
from the children's minds of all fear and haired of mathematics 
and the implanting therein of a positive feeling of exuberant love 
and enjoyment thereof! And we fervently hope and trust that 
other teachers too will have a simitar experience and will find us 
justified in our ambitious description of this volume as *'Mathe* 
matics without tears". 

From the hereinabove described historical background to our 
Vedic Mathematics, it is also obvious that, being based on basic 
and fundamental principles, this system of mathematical study 
cannot possibly come into conSicc with any other branch, depart¬ 
ment or instrument of science end scientific education. In fact, 
this is the exact reason why all other sciences have different rAeo- 
ries to propound but Mat^matics has only theorems to expound! 

And, ab^eall. we have our Scriptures categorically laying 
down the wholesome dictum; 

i,c. whatever is consistent with right reasoning should be accept¬ 
ed, even though it comes from a boy or even from a parrot; and 
t/hatever is inconsistent therewith ought to be rejected, although 
emanating from an old man or even from the great sage Shrec 
Shuka himself. 

In ocher words, we arc called upon to enter on such a scientific 
quest as this, by divesting our minds of all pre-conccivcd notions, 
keeping our minds ever open and, in all humility <as humility 
alone behoves and befits the real seeker after truth), welcoming 
the light ofkncwicdgc from whatever direction it may be forth¬ 
coming. Nay, our scriptures ge so far inculcate that even 

their expositions should be looked upon by us not as “teachings’* 
or even as advice, guidance etc, but as acts of “tJunkjng aloud" 
by a fellow student. 
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It is in this spirll an<l ffcnu lliis vkw-pornl llmi wa now acMfcvi 
ourscivw to the task before us, in llih series of volumes' fi.e. u 

sincere cxposfllon of the mathematical 5«/mj under dfuuv^on, 
wjthwiwt vve may call our “runaini' comments*’ just as in a 
blackboard dcmonsiraiion or a maijic lantern lecture or a cricket 
match etc. 

In conclusion, we appeal to our readers (as we always, appeal 
to our hearers) to respond hereto from the same standpoint and 
in ilu 2 same spirit as we have just Iicreinabovc described. 

We may also add that, inasmuch as we liavc since long promis¬ 
ed to make these volumes* “self-contained”, we shall make our 

explanations and expositions as full and clear as possible. Brevity 
may be the soul of wit; but certainly not at the expense of clarity 
(and especially in mathematical treatises like these). 

II II 


l And 2. Unforiunauly, only one volume has been leh over by Ills Holiness. 


My Beloved Gurudeva 

^Ri Bf^ARATl KR$NA TIKTIIA 


I In the lines that follow the writer gives a short hiofrsphieal sketch of the illus¬ 
trious author of Vedie MKhemttks and a short account of the genesis of his work 
based on irttimate personal knowledge. —Rom«) 

Very few persons can there be amongst the cu)iurcd people of India 
who have not heard about HtS HOUNliSS JAOADCURU ^ANKARA- 
CaRYA ^RI BHARATi KR.SNA URTHAJ! MAHARAJA the magnificent 
and divine personality that gracefully adorned the famous 
GovardhanMath, Puri, his vastacd versatile learning, his spiritual 
and educational aitairuncnis, his wonderful research achievements 
in the field of Vcdic Mathematics and his consecration of all these 
qualifications to the service of humanity as such. 

His Holiness, better known among his disciples by the beloved 
name ‘Jagadguruji* or 'Gurudeva*.was bom of highly learned and 
pious parents in March, 18$4. His father, late Sri P. Narasimha 
Shastri, was then in service as a Tahsildar at Tionivelly (Madras 
Presidency) who later retired as a Deputy Collector. His uncle, 
late Sri Chandrashekhar Shastri, was the Principal of the Maha¬ 
raja's College, Vizianagaram and his great-grandfather was late 
Justice C. Ranpnaih Shastri of the Madras Court. 

Jagadguruji, named as Venkatraman in his early days, was ao 
exceptionally brilliant student and invariably won the first place 
la all the subjects in all the classes throughout his educational 
career. During his school days, he was a student of National 
College, Trichanapalli; Church Missionary Society College, Tinm- 
vclli and Hindu College, Tinnivelli. He passed his matriculation 
examination from the Madras University in January, 1899, top¬ 
ping the list as usual. . 

ilc was extraordinarily proficient in Sanskrit and oratory an 



\*iij ty Jieh vtd Gurudc m 

or. account of iJus Jic was awarded ihc lUlc of ‘Saraswall’ by ilui 
Madras Sanskrit Assodaiion in July, I8!» when he v;asstill in his 
16lh year. One cannot fail to menUon at this stage the profound 
impression left on Jiini by his Sanskrit Cum Sri Vedam VcnUirai 
Shasiri whom Jagadguruji always remembered with deepest Jove, 
reverence and gratitude* wilh icars in his eyes- 

Aficr winning the highest place in the B.A. ExamiMlion, Sri 
Venkatraman Saraswat'appeared at the M.A. Examination of 
the American College of Sciences, Rochester. New York, from 

Bombay Centre in 1903; and in I9W at the age of just twenty he 

passed M.A. Examination in seven subjects simuliaaeously sccur* 
ing the highest honours in all, which is perhaps the aJl-ttmc world- 
record of academic brilliance. His subjects Included Sanskrit, 
Philosophy, English, Mathematics, History and Science. 

As a student Venkatraman was marked for his splendid brilli¬ 
ance, superb retentive memory and cvcr-insaiiablc curiosity. He 
would deluge his teachers with myriads of piercing questions 
which made them uneasy and forced them frequently to make a 
frank confession of ignore nee on their pan. in this respect, he 
was considered to be a terribly mischievous student. 

Even from his University days Sri Venkatraman Saraswati had 
started contributing learned articles on religion, philosophy, 
sociedogy, history, politics, literaiure etc., to late W.T. Stead's 
“Review of Reviews" and he was specially interested In all the 
branches of modern science. In fact study of the latest researches 
and discoveries in modern sdenoi continued to be Sri Jagad- 
guFuji's hobby till his very last days. 

Sri Venkatraman started his p'jblic life under the guidance of 
late Hon*blc Sri Copal Krishna Gokhale, Ci.E. in 1905 in con¬ 
nection vnUi the National Education Movement and the South 
African Indian Issue. Although, however, on the one hand. Prof. 
Venkatraman Sanswatf had acquired tocodlessfund of learning 
and his desire to learn ever more was still unquenchable and oa 
the other hand the urge for selfless scrviceof humanity swayed his 
hc.vi mightily, yet the undoubtedly deepest attraction that 
Venkatraman Sarasswaii fcU was that towards the study and prac¬ 
tice of the science of sclenccs—ihc holy ancient Indian spiritual 
scieKcof^y^5/«rt.P/d>'d.lnl9C«,th^^ he proceeded to 
the Sfingcri Math in Mysore to by himself at the feet of the re- 





lUmiik'il hil*' SJiJMik.ihK li.iiyji Mill.. ;.ii !>n(t iHri- 

imihIii Siv.iIiImjiiivm Nii\{iiitiJi llltiuilj ^wiiiiiL 

J{ut Iti* Idhl mil tour*, Ih*|«ij«* )h' IiiuI |i» iiv.iiim< jJk 

l»iKt ofilii* tiiM l*iiiu i|Ml Ilf ilr iHAvIy *<111111 <1 Nndiimih 'olfi'jMMK 
KtijiiMlmmlif iiiuK’i <i jimUlajMniU nilhifiliMy ftuui ili«: 

miljiMuiliM kM<kis. I'lor. Vviik^UMimiii Siutiswiili coriiliiiKvJ i}mic 
Till lliMv yi':irs Ixm in I'>11 In* conkl noi rcvi'4 liK iMunidj' tWsuc 
for s|Hiirii!il kiiovvk’iljH*. (iii.iimimiiL itny r)iof4; ini<l. 

(fivivraik*, kMiinrt firinscirojr>ii(klcr(ly rrnni lliu said iMik'fk lie 
ivciU Uick la Sri S^iicidfimiiuki SiviiMiriiavn NiiNindni IliMkilr 
Swnmi 111 Sriii}>i:ii< 

next ciylii yc'nrs ho \|>uiUiiHfic prafoumJest suuiy al* ihc 
most iidviUKcNl Vockimu hiltusophy and priodcc of I lie l)ruhina> 
i»:idliaii:u Diiriay, (Ik'^c dayii IW. Vcnk^ilraman lived la Miidy 
Vcdriiiinnt ilwrcci of Sri Nrivimlu Jiharaii Swami. inu^il Sanskrit 
atnl I’iiiltisaphy in sdiiKiJ^ ihcie, and praeiisc (In: Jd^Jio^ ;ii)J 
nioM vIp.arouH Yor^ii-NTulhana in ilw nearby fnrcsiv. I'iccjucmiy, 
he wus also inviicd by several jimiiuiionv lo deliver lectures on 
pliilosophy; Tor example, he delivered a M;ries of ^xiccit (eel u res 
tmShankanicliarya's Phikuophyat Shankar Jimiluic of Phifo- 
Sophy, Amatner (Khandedi) and similar Iccturvv at several mher 
places like Pixma, Ronibay cic. 

AAer several years of the most advanced siudies, ihc dccpcsi 
mcJitaiion. and (bo liighcstspiriuolatiainmcnt Prof. Venkairn- 
man Saraswati was initialed into the holy order of Saipnyasa at 
Da flams (Varanasi) by liis Holiicss Jagadguru Sliankanicbarya 
Sri Trivikriun Tirihaji Nfaluiraj orShartidapccihon ihc 4(h July 
VflO and on (his occasion Jtc was given the new name. Swami 
Dlijrati KtypaTfrlha. 

This wav tlio starting point ot an clTulgeni muni lest at ion of 
Swamiji’s real greatness. Within Iwo years of his stay In the Itoly 
order, he proved his unique suitability for being installed on (he 
pontihcal throne of Sharoda i^!e^a ^ahkaracarya and according¬ 
ly in 1921, he was $o installed with all the formal ceremonies 
despite his reluctance and active resistance. Immediately on 
assuming tJie poniiflcaie Sri Jugodguruji started touring India 
from exirner to corner and delivering lectures on Sanaiana Dharriia 
and byhisidniillaiing iiiiellcciuat brjlliuncc, powerful oniiory. 
m;ignclti'pcr\rifi:dity. sincerity of purpo^, indomitable wilkpiin'ty 



..r .Mul l-riim'ss of cli:..:K'lcr )io look llic ciilirc inldkc- 

liial .uul tvli|-ioi.si-1;.ss of ilio naiioii liy storm. 

Ja,.a.l,mr>i Sa.Uar.UaryaSri Ma.IIms.ulan’I.rtha ofGovanlhar. 

Mail., I’o.i «-as al il.issiarc-i'rcally m.prosc.l hy JarM^.iri.j, and 
wUri. llu-foniKT wu in lmlin,-Iu-alll. J.c rLaiucMcl Jaeadpuruj. 
,o siiv.vrd l.im on Govavdlnu, MathGudi. Sri Mtadtnruj. conli- 
inivd 10 resist his iinp.'rimiaio rainoMs for a lonp. time but at last 
wlu'n Jai-adi-.iini Sri MiKlUiisiidanTirlliaslitallli took a serious 
liirnin Ite viniially forced Jajadcurii .Sn Bharali Krsija 

■I'irihaji to accept ihc Covardlum Math’s Gadi and iiccordingly 

Jauadf.iiriiii insialled .Sri Swanipanaiulji on llitf Sliaradapcctli 
Cadi and himself assiinicd tlic duties of tlic ecclesiastical and 

p a M i lica) 1 icaJ of Sri Govanll i a n MaOi, Pari. ^ j u 

In ilxis capacity of Jajj.-ulgiiru Sai'ikarAcarya of Govardhan 
Mailu Puri, he coiiiinucd to ilisscinifiatc die lioly spiritual teach¬ 
ings Saiiainiui Dharma in tlielr pristine purity all over the 
world I lie rest of his life for 35 years. Month after month and 
year after year he si»ciu in tciiching and proadiing, talking and 
leciutiny. discussinc ami convinclrg millions of people all over 
the country, lie took upon himself die colossal task of die re¬ 
naissance of Indian culture, spreading of Sanalana Dliarma, re¬ 
vival of tlicliiishcst human and niord values and enkindling of 
the loftiest spiritual cn I ifihtcnmcnllJirougliout the world and he 

dedicated his wliolc life to iliis lofty and noble mission. 

Prom his very early days Jugadguiuji was aware of the need for 
die n'ldit Inicrprelation of “D/wW* which he defined as “the 
sum total of all tlic means necessary for speedily making and 
permanently keeping all die people, individually ns well as collec¬ 
tively superlatively comfortable, prosperous, happy. and joyous 
in all respects (iiKludingtlic physical, mental, intellectual, educa¬ 
tional, economic, social, political, psycliic, spiritual etc. tul iitfinl- 
tum)'\ lie was painfully a ware of the‘'escapism” of some f>om 
their duties under the garb of spirituality and of the superficial 
nuxlcrn educational varnish of the lUlicrs, divorced from spiritual 
and Jiioral standaitk. lie. tlicrcforc.always laid great cmpluisison 
the necessity of liarnumlsing the ‘.spiritual* and the ‘iiuaeriar 
spheres of daily life, I k also wanted to remove the false ideas, on 
die one hand, of those persons who think that Dfuirnni can be 
pr.icilwd hy cschislvdy individual spinlual brulJianaccupIcil with 
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. I r»h f»»l • •riiinr. •• ti.tlif/ U>/ 

*'*1' •• V»Vli< \>>iU' <u. ft / 

..MiiiiHS'ii rlr I*- h/f't '!•••• 

.if ‘.lu II f)'! V'l I) tvHI»M»tl \i iMIllllfi "t )H|' $tU/ .iflUhi .[(I//.// 

J(. Ml ujiuJmI t* Inutfiv III'ii<1(Nf< <.if4ifi\ lift \U' ••>ifht 

hkfilhlii*l rill lornirt .t i,rliiMll»iir'••n.l/ rj li'Jli Wt’ rr'l# 

Vtrlll<kl rk*i<l Mi'i'IV liiWillrl^ Mi‘ r >rll ■ - s 

•.pililHJil jiiuh nlhiitil j.li III. (In ^►l(y VnJjiiU' Ul> ‘ihft 't’iut, f f ' 
<|><'rfc< ll^^ii iumI fi/iiiiMiMV I’^l i<'iHi'l). 

Willi iJn'v iilni'. Mji|inli«|» W'. oil##iNf'^ v ■/• 
niinhi) riiuy i»ii 11 liilir*iiiili',. 1 liil^»rirli. fMlrrif nn'l 

irsciiK h I** «'V<>lvr /liiiilly j; '.fifi iirlnl mihI i»‘ lU • I c' Jir ii«* V’f 
iill'loNMil uroirJliM'llnil /fr'.f frl lihlliiiiMlllirriUj'Ji i\ *f\ tin 
r* 1 1 ly •*♦<) Jnf»niln«i"i^ fiiiir*il»rJ ht i't'i iil tfJ'.'i'U/ Un 

liisliliiliiiM liiiuirtl Nrr Vi*.liv/n l*iriiniM;riirnri<i ‘lAUii)t'>* fVA./M 

Ucciiii%iiiKlliMi AwK:MUi»»fi>- 'Mm.* Arlitiirii'Jral/v*'. /l"*'kMl '‘f fJ*'. 
.Sii(If».lIII Cl»«1 si'll nI I li' Jaj'iMIf'i v 11 1 i*s f 1 1 j 1*I' “s•'r»1 ;j'I ft? Uiil> 
ri'fs iirjiis iUculIslic niid s|>»iliiMl MriiK frff fnir/r;i/iliMrj;»ri 

iUMl jncliMlnl a iMimlH.'nif jiiHi rourl jii'/ft's, iiriiiKIr^i. 
lioriisls. sUilrsiiicii niMl *>lfici iicrr/iriiijv: "I Dm/il}'fii’-.r 1 aljl/rr; ja 
lucliaji IL liowrvrr. aMi:r u a nr I iiir>v>a/«l 

u'atdi (liul ((iiiiJfl JoNiiriliis Ciraoml 
'Ifivcilj wiuitii lie cal In I jir. Srlph AlrirMHUt nnrl v/|jr, fmly 


lluMii'Jii. workcil, ]»fiiriJio<l aM<l ilfccMiluiicraMuMyffrrilm.'lafiyira') 
WClHllC aiul IMil iuU'M'ili 

very circclivcly tu Die Ircf'liiiiiHi'on Hccoiiiil r*( JayarOtiifiiji**; fail. 
I ii|» lie; 1 1 ( 1 1, varic 11 v, f»rc*< k:c i rput 1 ons ai 1 r J r 1 (Ii r j ii 11 f r 11 li 11 / r | In-, 
Jl is aclivdy cnf!Uf*crl now in rli?.*xiiMtwl(nK.^i|'‘»l|'nTMi*'^' 
ami lcacJil»f 5 '» wjfh Jnslke Jl.P. SrnJin, i)iu< likr Jnstir.c <>r UiAh 
as ils President and Df. (M). Oc'JjninMi. OMH.) Ilm 
M j r) isi cr ol’ India am I cJi-< 'Im i r u lai 1. 11 f ji visrr. j ty < 1 /an 1*. < '.t nrj f n 1 s- 


sion II*; il*. Vjccd'icsjdciil* 


Willie vkwlo (>rorj|oic llm cause "f wo/M /mace ami |r> s/./c/mI 
Die Nly Vi-daiillu s/niiinal ideals c vein ml Silk indfa lUt Jayad* 

l•,nflr wetil on a lour lo Anicji<’<i In r'clnnary. MK Dm lifsl imrr 
nnisrde fiHlia Uy a ftai^ikaraciirya m Die iiisirr/y of rlie sairl Onk/. 
'Mic lour was spoiisoinMry fklf UcalisaDon /'dlowdirp '•f 
Ani'clcs. I(>t Vi'ilAniic Srmldy rmriidinl by Pa/nmba»'.a 
nainlji ilk America. Ja/'Jid/tn/nil siaynl f/mre for abmii iJi/c« 
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I,.,.ml.-..tin,' Il.is P'^ri'xl a-idfc-v--d rapi audience m huad. 

ini' ..fo,llr,-c.,.ri>iiiv.:r,iu-:'., church^and other publicinsliiu. 

Hr w:.-. ;.lv. invited w give talk, and mathematical demon- 
.|r:.ti<.iv.-..ilmiclcvi.ion. Infaei. ht rctoed an exceptionally 
novvu r.d citfrcnt ..f moral and spiritual cnlightcmnent, peace and 
liarmcmyiliMi'J'liout America dufinf; his tour which proved a 
pl.ci..imeii;.l micccv. comparable perhaps with that of Swmi 
V ivckimamla <inly. A request was also received by him from Dr. 
liornday. the Minister Tor Church of Religious Science to open 
‘I Umntli <»f Srf ViOiwa Pufurnirmani Sangha In America 's'lih a 
vkw lo csiahlKh r>nc religion all over ihe world. The suggestion. 
!i owe VC r. c( >u M noi male rial (scat that lime for certain reasons^ 
Oti Ilk way hack JagadgurujI gave some lectures In U.K. also and 
returned u* (o<lia in May. 1958. 

Giiruji had I wen undergoing a lerrific strain for more than five 
decades In devoting his body, mind, heart and soul to the muse 
of service of humanity, spreading of spiritual enlightenment and 
revival of Vcdfintic ideals. This had already undermined his 
health hut still Guruji never devoted any attention to his personal 
comlorls. The excessive strain of the vast hurricane tour abroad 
came as a severe blow to hk health but still he refused to take rest 


and incc«umily continued to pursue his studies, talks, lectures and 
syritings with unabated and youthlike vigour and enthusiasm. In 
fact fl required a great vigilance and heroic effort to prevent him 
from givingadvice and talks to his devotees and dis¬ 
ciples even when he could hardly speak on account of strain. As a 
result he fell seriously III in November. 1959 and despite the best 
avuiluble treatment shed oft his mortal frame and took Mahd- 
samadhi at Bombay on 2nd February, 1960- 

Trom the very day ofhk assuming the throne of Jagodguru 
^hkaracarya, Sri Bharati K-^pa Tlrdiaji had become the cymo- 
sure of alt eyes. Ills winning personality, his charming innocence, 
his eager thirst for knowledge, his religious zeal, his earnest belief 
In the *'ia5ird/\ his universal kindness, his retentive memofy, .ill 
these attracted towards him cvcry^iving soul that came in contact 
witfi him. People flrwkcdtohim m crowds and wailed at his doors 
for iwura togcihci jositw get a glimpse of that divine countenance. 
Jt nothin I* h,*r ill M 1..,.^ .L.. r. ....<« 
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noJhfOf bm ihc marvellous superhuman 
floAved from his heart. 


itiilk of kindness that 


He a].vays perfectly impartial. Every rmc was equal in his 
eyes. He cared not fur riches. He cared not for position. Nothing 
bill Bhakn could atimet people to him. rich or poor, high or low, 
everybody had to go through the portals of Bhokii to approach 
his august presence. Exhibiting his divinity, he loved as himscir 
everyone came to him. Everyone who had even two minute’s con¬ 
versation with him went out with the full conviction that he was 
tlic object of some special love of His Holiness. 

Of such a divine personality it is impossible co draw a sketch. 
His activities were many-sided-To hear him was a pleasure. To 
see him was a privilege. To speak to him was a real blessing and 
lobe granted a special iniervjcvk^Ahl that was the acme of 
happiness which people coveted most in all earnestness. The mag¬ 
netic force of his wonderful personality was such that one word, 
ime smile, or even one look was quite enough to ctmvcrt even the 
most sceptic into hjs most ardent and obedient disciple. He be¬ 
longed to all irrespecttvc of caste or creed and he was a real Guru 
10 the whole world. 

People of all nationalities, religions and dimes. Brahmins and 
non-Brahmins. Hindus and Mahomedans. Parsis and Christiansv 
Europeans and Americans received equal treatment at the hands 
of His Holiness, Thai was the secret of the immense popularity of 
this great Mahatma. 

He was grand in his simplicity. People wuld give anything and 
evcryihing to get his blessings and he would talk words of wisdom 
as freely without fear or favour. He was most easily accessible to 
all. Thousands of people visited him and prayed for the rdief of 
their miseries. He ha<l a kind word to say to each, after attentively 
listening to hib or her tale of woe and then give them some 
pnacHr which would cure their malady whether physical or 
mental. He would nctually shed tears wJienhc found people suffer¬ 
ing and would pray to God to rtllcvc their suffering. 

He was mighty In his learning and voracious in his reading. A 
sharp imcHccl- a rcieniivc memory and a keen zest went to mark 
him as tJw moai disiinguiahtfd s<.holar of his dny. His leisure mo¬ 
ments he would never spend in vain. He was always reading some- 
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thing or repealing somcihing. Twre was no branch of knowledge 
which he did not know and iha! also 'Msirically'. He was equally 
learned in Chandahiasira, Ayurveda and Jyotish&stra. He wa$ 
a poet of uncommon merit and wrote a number of poems in 
Sanskrit in the praise of his guru, gods and godesses with a 
charming flow of Bhakti so conspicuous in aJI his writings. 

I have a collection of over three thousand ihkas forming part 
of the various eulogistic poems composed by Gurudeva in adora¬ 
tion of various Devas and Devis. These Slokas have been edited 
and are being translated into Hindi- They are proposed to be 
published in three volun^es along with Hindi translation. 

The book on “Sanalana Dharma” by H.H. SwamI BhAratf 
Kt$i}aTirtha Maharaja has been published by Bharatiya Vidya 
Bhavan, Bombay. 

Above all, his Bhakii towards his Vjdyaguru was something 
beyond description. He would talk for days together about the 
greatness of his Vidyiguru. He would be never tired of worship¬ 
ping the Guru. His Guru alio was equally auached to him and 
called our Swamiji as the own sen of the Goddess of Learning, 
Sri &rad& Everyday he would first worship Ms guru's sandals. 
His '*Ourupdduka Stotra" clearly indicates the qualities he attri¬ 
buted to the sandals of his gum. 

Sri Bh&ratf Tirtha was i great Ycgin and a "Siddha*' of 
a very high order. Nothing was impossible for him. Above all he 
was a true Stmnyasin. He held the world but as a stage where 
every one had to play a part, la short, he was undoubtedly a very 
great Mahatma but without any display of mysteries or occultisms* 

I have not been able to express here even one millionth part of 
what I feel. His spotless holiness, his deep piety, his endless wis¬ 
dom, his childlike peacefulness, sportiveness and innocence and 
his universal affection arc beyond all description. His Holiness 
has lef^ us a noble example of simplest living and highest thinking. 
May all the world benefit by the example of n life so nobly and so 
simply, so spiritually and so lovingly lived. 

iKTKODUCTORY REMARKS ON TUB PRESENT VOLUME 

i now proceed to give a short account of the genesis of the 
svork published here Revered Ourujj used to say that he had 
Tccoftstnieicd the sixteen mathematical formulae (given in this 
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text) from the Ailian'avcJit after assiJuous rcscar\‘li jmd 'Tap.is' 
f.»r about eight years in iJie forests surrouruliugSringeri. Obvious¬ 
ly these formubc a tv not to be found in the present recensions of 
Atharv'avcd;t: (hey were actually reconstructed, on the basis of 
intuitive revelation, from nuitcrials scattered lierc and there in the 
Ath.irvaveda. Revered Gurudeva used to say that he had written 
sixteen volumes on tlicsc Sitrr,is, one for each Slitia and that the 
manuscripts of the said volumes wre deposited at the house of one 
of his disciples. Unfortunately, the said manuscripts were lost irre¬ 
trievably from the place of their deposit and this colossal loss was 
finally confirmed in 1956. Revered Gurudeva was not muclt pertur¬ 
bed dver this irretrievable loss and used to say that everything was 
there in his memory and that he could re-write the 16 volumes! 

My late husband Sri C. M. Trivedi, Hon. Gen. Secretary V.P. 
Sangh noticed that while Sri Jagadguru Mahdrdj was busy 
demonstrating before learned people and societies Vedic Mathe¬ 
matics a« discovered and propounded by him, some persons who 
had grasped a smattering of the new SStras had already started 
lo dazzle audiences as prodigies claiming occult powers wjtliout 
knowledging indebtedness to the Sufras of Jagadgurujj. My hus¬ 
band. therefore, pleaded earnestly with Gurudeva and persuaded 
him to arrange for the publication of the SStros in his own name* 

In 1957. when he had decided finally to undertake a lour of the 
U.S.A. he re-wrote from memory the present volume, giviag an 
introductory account of the sixteeu formulae reconstructed by 
him. This volume was written in his old age within one month and 
a half with hjs failing health and weak eyesight. He had planned 
to write subsequent volumes, but his failing health (and cataract 
developed in both eyes) did not allow the fulfilment of his plans. 
Now the present volume is the only work on Mathematics that 
has bee a left over by Revered Guniji; all his other writings on 
Vedic Mathematics have, alas, been lost for ever. 

The typescript of the present volume was left over by Revered 
Gurudeva in U.S.A, in 1958 forpablication- He had been given 
to understand that he would have to go to the U.S.A. for correc¬ 
tion of proofs and personal supervision of printing. But his heahh 
deteriorated after his return to India and finally the typescript w.os 
brought back from ihc U.S.A. after his niiaj.imcnt of Mahi- 
samadhj. in 1960. 
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I owe a dccpdcbtofgralilu^cto Justice N.H. Bhagwati, the 
cnligliCcncd Vicc-Qtauccllor of the Banaras Hindu'Univcrsity and 
other nuihoriiics of die B.H.U. wJio have readily undertaken the 
publicAtiou of diis work which was introduced to them by Dr. 
Ft. Omkamatli TJiakur. I am indebted to Dr. Thakur forthis 
introduction. My hearty and reverent thanks arc due to Dr. V.S. 
Agrnwala (Professor. Art & Architecture. B.H.U.) the veteran 
scholar, who took the initiative and throughout kept up a very 
keen Interest in this publication. It is my pleasant duty to offer 
my heartfelt gratitude to Dr. Prem Lata Sharma. Dean, Faculty 
of Music and Fine Arts, B.H.U. who voluntarily took over the 
work of prcss*drcssing of the typescripi and proof-reading of this 
volume after a deadlock had come to prevail in the process of 
printing just at the outset- But for her hard labour which she has 
undertaken out of a sheer sense of reverence for the noble and 
glorious work of Revered Gurudeva this volume would not have 
seen the light of the day for a long rime. I trust that Revered 
Gurudeva's Holy Spirit will shower His choicest blessings on her. 
My sincere thanks are also due to Sri S. Nijabodha of Che Re* 
search Section under the charge of Dr. Sharma, who has ably 
assisted her in this onerous task. 


'ITie Humblest of His Disciples 
Makjula Trivedi 
Honorary General Secretary 
Sri Vishwa Punomirmana Sangha. 

Nagpur 


Nagpur 

16 March, 1965 



Author’s Preface 


A. A D^SCRHTIVr. P;U;PATORY NOTB OS TH£ ASTOUNOISQ 
Wr>NT)J'JlS OJ^ AsClENr INDIAN VbDIC MaTHSMATICS 

I. Ill llic course of our dt«oursc5 on maoifold and multifarious 
suhjccLs (spiritual, metaphysical, philosophical, psychic, psycho- 
log ic.'t I, ethical, educational, scientige, mathematical, historical, 
political, economic, social etc., from time to lime and from 
place to place during the last hve decades and more, we have heen 
repeatedly pointing out that the Vedas (the most ancient Indian 
ficrfpturcs, nay. the oldest “Reli^ous” scriptures of the whole 
world) daim to deal with all branches of learning (spiritual and 
temporal) and to give the earnest seeker after knowledge all the 

i(; 4 UiMl<; jii^tiuction^ and guidALve iu full detail <tud on scicuii* 

Deal ly—nay, mathematically—accurate lines in them all and so on. 

2. The very word “Veda” has this derivational rneaning.i.c. the 
founlaio'hcad and illimitable store-house of all knowledge. This 
derivation, in elTect, means, conootes aod implies that the Vedas 
should contain within themselves all the knowledge needed by 
mankind relating not only to the so-called * spiritual* (or other¬ 
worldly) matters but also to those usually described as purely 
“secular”, “temporal”, or “wordly*’; and also to the means re¬ 
quired by humanity as such for the achievement of aU-round» 
complete and perfect success in all conceivable directions and that 
there can be no adjectival or restrictive epithet calculated (or 
tending) to limit that knowledge down in any sphere, any direction 
or any respect whatsoever. 

3. In other words, it connotes and implies that our ancient 
Indian Vedic lore should be all-round, complete and perfect and 
able to throw the fullest necessary light on all matters which any 
aspiring seeker afier knowledge can possibly seek to be enlighten¬ 
ed on. 
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4.Iiisi«uxinil.vriincxs^>fil.ingN il>;« 'h* Vc<la^_ includs <l) 
.h-JncHu (anittoinv, pltyMolnsy. Iiygi’-’''®- '•'‘nUaiy scicrec, rrcdi- 
cal science, xurgcr/cic) mn r->r tlic purpose of ach.cv.ng perfert 
\xcM and s.rcngiU in t)-.e aricr-dcnili fuiurc bu. in ordw lo aiia,n 
then, her, md In tvjr present physical bodies; (n) Dlwmr,tda 
(archorv and oifict military sciences) not tor fighting with one an- 
other after oar Itansportaiion to heaven but m order to quell and 
subdue nil invaders from abroad and all jwufgcnts (rom 
(in) Qanditiifva Veda (the sdcnce and art of music): (iv) SrAo. 

pi7/va K-vfa (^Jiginecrmg, architetture etc., and ah branches of 
mathematics in general). All these subjecls, be ix noted, are inhc. 
rcni pans of the Vedas, i.e. arc reckoned as * spiritual studies and 

catered for as such therein. 

5. Similar isthecase with regard to the grammar, 

prosody, astronomy, lexicography etc.,) which, according to me 

Indian cultural conceptions, aru also inherent parts and subjects 

6. As a direct and ur.&hkkable coase^uence of this analytical 
and grammatical study of the real connotation and full implica¬ 
tions of the word “Veda'* and owing to various other historical 
causes of a personal character (into details of which we need net 

now enter)^ we have been from our very eaily childhood, most 

earnestly and actively striving 10 study the Vedas crhlcaliy from 
this stand-point and to realise and prove to ourselves (and to 
others) the corre«neis (or otherwise) of the derivative meaning ia 
question. 

7. There were, too, certain personal hi stotica I reasons why in 
our quest for the discovering of all learning in all jis depattmenis, 
branches, sub-branches etc., in the Vedas, our gaze was riveted 
mainly on ethics, psychology and rticlaphysics on Iho one hand 
and on the “positive’* sciences and especially maihcmatics on the 


^*8 And the contemptuous o^. at best p.itroftiang nliUudc adop- 
5 £>me so-called Oriemaiists, Indologists, amiquatians, re- 
<eafch-scholars etc., who condemned, or light licartcdly. 
L^^^nonsiWy. frivolously and flippantly desmissed. several abj. 
*<iKe.lookii»8 a^d recondite parts o( the Vedas ai ‘“sheer* 

as “infant-humanity’s prattle”, and so on, merely 

‘did ' 
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pnps'T^ bcjian lo refer U> us ns "the <)cb>r.cnnfinn Jagadcuru 
.'^inknr.kar)a who hnd taken NnfP»r by storm with his Vcdic 
mathematics*', and $o on! 

1.V It is manifestly iinpossihlc. in the cour« of n short nolc(ifv 
(he lUlorc of a ••iraikT*'), to yjvcn full, detailed, thorouch-goinc, 
comprehensive and cxliaustivc description of the unique features 
and stanlinc characteristics of.nil the mathematical lore in que^ 
tion. This can and will be done ir the subsequent volumes of (his 
series (dealing seriatim and in cx(en50 various por¬ 

tions of all the various branches of mathematics)* 

14. We may. however, at this point, draw the earnest altcntioa 
of every one concerned to the following salient items thereof. 


(0 The 5iT/rfl5 (aphorisms) apply to and. cover each and every 

part of each and every chapter of each and every branch of 
mathematics (including arithmetic, algebra, geometry plane and 
solid. trigonomctr>'-plaac and spherical, conics—geometneal 
and analytical, astronomy, calculus—ditt'erential and integral 
etc.), In fact, (hcTcisnopartof mathcfnaties, pure or applied, 
w’hich is beyond their jurisdiction; 

(ii) The Sutras are easy to understand, easy to apply and easy 
to remember; and the whole work can be truthfully summarised 
in one word “mental**! 


(iii) Even as regards complex problems involving a good num¬ 
ber of maihcmarical operations (consecutively or even simultane¬ 
ously to be performed), the time taken by the Vcdic method will 
be a third, a fourth, a tenth or even a much smaller fraction of 
the time required according to modem Western methods; 

{ir) And, in some very impo:lant and striking eases Urns re- 
qufring 30. SO, 100 or even more numerous and cumbersome 
•‘Steps" of working Caccordine 10 ‘he current Western mcthods> 
can be answered in a single and simple step of work by the Vcdic 

method! And children of even 10 or 12 yews of age merely look 

at the sums written on (he blackboard (on ilic plaifo \ a 
immediately shout out and dictate the answers front r 

(he convocation hall (or other venue of lUe dernonstni* 
this is because, as a matter of fact, each digit automat* 
jt* predecessor itnd its successor! and the children k ^ yields 
go on tossing off (or reeling off) (lie digits one after *^®^ly to 
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w.irds or l':K'k\NMTils) by Tiu’rc menial urithmctic (wiihoiii ncc<iiQg 
pen or pencil. p;\]>cr i*r stale etc.)! 

seelni: this kind of wark aciunity being performed by 
children, the d^viors, professors and oihcr “big-guns’* of mathc- 
niaties are wouder struck and ewlaiiw: “(s Uiis muUicmatics or 
mujiic*' 'And xvc invariably ans'rer and say: “Ii is both. It 1$ 
ma^dc until >'i>u imdcrsland it; and it Is matltcmatics OiercaTtcr'’; 
and then we proceed to substaiuintc and prove the correctness of 
dm reply of ours t 

{vi) As regards the time required by Uic students for mastering 
Uic wliolc course of Vcdic malltcmatics as applied to all its 
brunches, we need merely stole from our actual experience that S 
montlis (or 12 inontlts) at an average rate of 2 or 3 hours per day 
si wuld suffice for completing the whole course of mathematical 
studies on these Vcdic lines instead of 15 or 20 years required 
according to the existing systems of the Indian and also of foreign 
universities. 

V 

IS- In this connection, it U a gratifying fact that unlike some 
so-called Indologists (of the type hereinabove referred to) there 
have been some great modern mathcmaticiaos and historians of 
mathematics (like Prof. G.P. Halstead, Professor Ginsburg. Prof. 
De Moregao. Prof. Hutton etc.,) who have, as truth-seekers and 
truth-lovers, evinced a truly scicatific attitude and frankly express¬ 
ed their intense and whole-hearted appreciation of ancient India’s 
grand and glorious contributions to the progress of mathematical 
knowledge (in the Western hemhphcfc and elsewhere). 

16. The following few excerpU from the published writings of 
some universally acknowledged authorities in the domain of the 
history of mathematics, will speak eloquently for themselves: 

(0 On page 20 of his book “On the Foundation and Technique 
of Arithmetic”, vre and Prof. G.P. Habtead saying “The impor¬ 
tance of the creation of the zero mark can never be exaggerated. 
This giving of airy nothing not merely a local habitation and a 
name, a picture but helpful power is the characteristic of the 
Hindu race whence it sprang. It Is like coining the Nirvapa into 
dynamos. No single mathematical creation has been more potent 
for the general on-go of intelligence and power”. 
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(/M In Ih(sci>nnccii«'n, in hts spIcmliU Ircnlr^c on "The prc«nt 
niodc of cxpTCSMiif numbers*' Jhc fiuPon Ifis/oriea! Quarterly, 
Vol. p.ifcs 5’a-540) il.n. Hum:* snysr “The HtnUus adopted 
Jhc dccin^nl scale > aTy early. TJxc numerical languacc of no other 
nation h so sciemihe and hits nl rained as high a stale of perfect ion 
as that of rhe ancient Hindus. In •.yniboMsm they succeeded with 
ten signs to express any number most elegantly and simply, h is 
this beauty c*f the Hindu numerical notation >s^ch attracted ihc 
aucniion of all the civilised peoples of the world and charmed 
them to adopt it*’. • 


(in) In tliis very context, Prof. Ginsbufg saysj 

'•The Hindu notation was carried to Arabia about 770 A.D. by a 
Hindu scholar named Kanka who was invited from Ujjain to the 
famous Court or* Baghdad by the AbbasIdcKhalif Al-Mansur. 
Kaftka taught Hindu astronomy and mathematics to the Arabian 
scholars; and, with his help, they trarislated into Arabic the 
Brnhtn(j-Sphufa-SM<fhAtM of Brahma Gupta. The recent discovery 
by the French savant M. F. Nau proves that the Hindu numerals 
were well-known and much appreciated in Syria about the middle 
of the seventh ccntur>' a,d/* (Ginsburg’s ‘*New Light on our 
numerals**. Bullcfm of the American Mcthematica} Society, Second 
series, Vol. 25. pages 3$6-369). 


(rv) On this point, we find B.B. Dutm further saying: 

“From Arabia, the numerals s:owly matched towards the West 
through Egypt and Northern Arabia; and they linally entered 
Europe in the elmnlh century. The Europeans called Uiem the 
Arabic notations, because they received them from the Arabs 
But the Aruhs themselves, the Easlernas well as the Western hnve 
unanimously called them liie Hindu rigures {AI-Argan-Al-llinm'. 

17. The a bo vc-ciicd passages .vfc. ho wtvi'r 
and In appreciation of India's invcnilon of the 

hercontribu.ionsor,he7lhcenturyA.l).andl cr^. u 

maiical knowledge. 'vorld maihc- 

In the light, however, of the Jicicin'iis/vu 
cription of ihe unique m^its and des- 
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Mill cailicr Vcd^ S^irns dealt with in the 16 volumes of this 
sc ric s. * I he con wjcnti ous ftrulW o>i ng and iruih-lcl I j ng) historians 
of M.tihcmatfcs (of (he lofty eminence of Prof. De Morgan etc.) 
h.*<vc rc‘t been guiUy of even the least exaggeration in thdr candid 
ndmivsion that '‘even the highest and farthest reaches of modern 
Western maihemaijcs have not yet brought the W'estern world 
even f'> the threshold of Aocicn* Indian Vcdic Mathematics”. 

JK. It is our earnest aim and aspiration, in these 16 volumes,* 
U) explain and expound the contents of the Vedicmaihcmartcal 
Sutras and bring them within ihe easy iwelleciual reach of every 
seeker after mathematical knorriedge. 


B. Explanatory ExPosiTJOS'orSosre Salient, Instrvctive 

AND iNIZRESnSG lLLL*ST?ATrVE SPEaMENSBY WaY OF 

CompaR!son and Contract 


Preliminary Sate: 

I- Wilh regard lo every subject dealt with in the Vedic Mathe> 
mailcal Sutras, the rule generally holds good that the Sutras have 
always provided for what may be icnned the ‘General Case* by 
means of simple processes which can be easily and readily—nay, 
instantaneously applied lo any and cs ery question which can 
possibly arise under any panicular heading. 

2. But. at the same time, we often come across special cases 
which, although classifiable undrr the general beadinsin quest]on. 
yet present certain additional and typical characteristics which 
render them still easier to solve. Acd. therefore, special pro\iaon 
is found to have bees made for iuch special c&ses by means of 
special SQtras, snh-Sutras, coroTariss etc., relating and applicable 
to those panicular types alone. 

3. And all that the student of these SHtras has to do is to look 
for the special characteristics in question, recognise the particular 
type before him aad deumms ar.d apply ihe special formula 
preitfibcd therefor. 


*CJnly w'u/r.eLLi bms HeSiessc to p^txerl^ 

p. Ct>(-AL£o»tx- 


XllV 
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4. Arid, generally speaking i*. is cmly in ease no special ease ij 
involved, that the general forrau'a has to be resorted to. And this 
process is naturally a little longer. But it need hardly be pointed 
out that, even then, the longest of the methods according to the 
Vcdic system comes nowhere in respect of IcnglJi, cumbrousness 
and tediousness etc., near the corresponding process according to 


the system now current everywhere. 

5. For instance, the conversion of a vulgar fraction (say or 
A* or A etc-,) to its equivalent recurring decimal shape uivolvei 
18 or 28 or 42 or more steps of cumbrous working (according to 
the current system) but requires only one single and simple step 
of mental working (according to the Vedic Susras)\ 

6. This is not all. There ace sUll other methods and processes 
(in the latter system) whereby even that very small (mental) work* 
ing can be rendered shorter stll! This and herein is the beatific 
beauty of the whole scheme. 

7. To start with, we should naturally have liked to begin this 
explanatory and illustrative exposition with a few pruccsses ia 
arithmetical computations relating to multiplications and divisions 
of huge numbers by big multipliers and big divisors respectively 
and then go on to other branchet of mathematical calculation. 

8. But. as we have just hereinabove referred to a particular but 
wonderful type of mathematicaJ work wherein 18, 23, 42 or even 
more steps of working can be condensed Into a single-step answer 
which can be written down immediately by means of what we 
have been describing as stiaighl. single-line-mental arithmetic; 
and. as this statement must naturally have aroused intense eager* 
ness and curiosity in the minds of the students, and the teachers, 
too and espedolly as the process is based on elementary and basic 
fbndamental principles and requires no previous knowledge of 
anything in the nature of an indispensable and inescapable pre¬ 
requisite chapter, subject and so on, we are beginning this ex¬ 
position here with an easy explanation and a simple elucidation 
of that particular illustrative specimen. 

9. And then we shall take up the other various parts, one by 

one. of the vanous branches of mathematical computation and 
nope to throw suffic'cnt li«hr j_ 


no^ to throw suffic'cnt light thereon to enable the students to 

companion and contrast aiiU arrive at correct 
conclusions on all the various nornts 
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C. lLLUsni\TivB SAMPuns: Comvakisok and Contrast 
SP£C l>*L'NS OP ARITirvfCTICAL COMPUTATiONS 


I. Muflipheation: 

The Sanskfii SQtra 

(0 Multiply 67265 by 32117 

(Fonnula) Is: 
tl 3;t9fdUU«IH l| 

By current method: 

By Vedic mental onc^line method: 

87265 

87265 

32117 

32117 

6108SS 

2802690005 

87265 

87265 

Note: Only the answer Is writ¬ 

174530 

ten automatically down 

261795 

by Crdhva TiryA Sutra 

2802690005 

(forwards or back¬ 
wards). 


n. Dfvishn: 

(2) Express ^ in its full rccumog 


By the current methed; 

19)1.00(.d5263l 578^7368421 


50 

38 

120 

114 


57 

30 

19 

110 

95 

150 

133 


decimal shape (18 digits): 

The Sanskrit Sutra 
{Foffmtia) is’. 

II II 

By the Vedic menial one*lint 
method: 

(by the EkMika^PUrva SSira) 
(forwards or backwards), we 
merely write down the IS-digit 
answer:— 

0526315781 
947368421J 


170 

152 
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ISO 

171 


90 

76 


140 

133 

70 

S7 


130 

114 


40 

38 


20 

19 


I 


160 

152 


SO 

76 

40 

Division continued: 

gives 42 recurring dcdmal places in the 
these too arc written down mechanically in the same 
wards or forwards). And the same is the case with all 
sions (whatever the number of digits may be): 

(3) Divide 703I98S by 823 : 


By the current 
method: 

«23)7031985(8544 

6584 


Bythetnensal Vedlc 
oneAine method: 


823)70319(85 

675 


4479 

4115 


8544(273 


3648 

3292 


3565 

3292 


273 



answer but 
way (back- 
such djvi- 



AufhcrU Preface 


xivti 


(4) DM<ie .OOOS4I47 by 6J42S632 (to 6 decimal places) 

The current method i$ notoriously too long, tedious* cumbrous 
and clumsy and entails the eicpenditure of enormous time and 
toiL OnJy the Vedic me atalcoe-line method is given he re. The 
truth'loving student cao work it out by the other method and 
compare the two for himself. 

8/l425632).00034147 
) 3295 


.0000419 


(5) Find the Reciprocal of 7246041 to eUeen Decimal places'. 
By the Vedic mental omAint-method. 

(by the tJrdh'ra^Tiryck ZHira) 

7/246041 ).000001000XO 

374610 




13800 


N-Bx The same method can be used for 200 or more places. 

III. DmsihilUy 

(6) Find out whether 5293240096 Is divisible by 139: 

By the current method» nothing less than complete division will 
give a clue to the answer Yes or No. 

But by the Vedic mental one^Une method (by the Ekadhika- 
FOrva SOtra). we can at once say: 

for) 5 2 9 3 2 4 0 0 9 61 

139) 139 89 36 131 29 131 19 51 93 ] Ves 

IV. S^reRoot: 

(7) Extract the square root of738915489 : 

By ike current method: By the Vedic mental one Arne 

t339i548§(27l83 method: 

4 4)738915489 

- 35513674 

47)338 - 

329 27183*000 Ads. 


S41) 991 
541 


(By the Ordhva-Tlryek SOtra) 






xlviH 


Author'X J'rt’fnet 


542S) ASi5A 
43-124 

SAm] 1630S9 
0 

/. The square roul is 271 S3. 

(8) Extract fhe square root of i9'706'ti28!4 io 6 fiectmnipfaccs; 
Tlic current mclhoil Is too cujnUnnLS and nuiy l>e tried by the 

student )iin\sclf. 

The Vcdic mental one-line niciliod (by Onihm-l'iryak iSfl/ra) it 
os follcpws: 

8)19.706412814 
.351010151713 
4.439IP0... 

V. Cubing anti Cuhe^Raot \ The Sanskrit SQtra 

{Formula) is \ 

(9) Find the cube of 9989. I^ 

The current method is too cumbrous. 

The Vcdic mental one-line method by the Yd'raiHinam-Ta'reh 
dSrnam Sutra is as follows: 

9989^ = 9967/0363/1131 -9967/0362/8669 

(10) Extract the Cvhc^Rooi of 3SS0453I2441: 

The current mctJiod is too cumbrous. 

The Vcdic mental one-line method is as follows: 

^355045312441-7. . 1-7081 


Specimens from Algcura 


f. Sample Equations: 


(11) Solve: 


. 3X-1-4 x-fl 


6X-1-7 2x+3 

Ry the atrrent Method: 


6xH 17x4-12.- 
6 x>H‘ 13x4-7 
4x'- -5 

X*. - Ij 


The Sanskrit SSrra 
(Formula) is: 

By the Vcdic method by the 
oQnyam-Snmuccayc SHtra 
4x4-5 =0 A X--1} 
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., 2 ) iilEL-i- ^^-69 3x-5 &(-41 

The current method is too cumbrous. 

-- * « 4 * A 


TlieVcdic method simply says: 2x—9• x»44 

/X-5V x-3 


9 9 

The current method is horribly cumbrous. 

ThcVedic method simply says: 4x-24«0 x-6. 

11. Quadraik-Bquatlons {and Calculus): 

The same is the case here. 

.i-v 16x—3 2x-I5 , 

x-^- dr-^dr-- 

(IQ 7x*-l!x-7-0 

By Vedic method (by Calana^alana Sutra) by Calculus For¬ 
mula we say: 14x— 11 — ±\/317. 

MA: Every quadratic can thus be broken down into two bino¬ 
mial-factors. And the same principle can be utilised for cubic, 
biquadratic, pcntic etc., expressions. 

HI. Summation of Series'. 

The current methods arc horribly cumbrous. The Vedic mental 
onc-liae methods are very simple and easy. 

(17) 

(18) A+Tf5+6VrH-clf7=A% 

Specimen from GEOMEntY 

(19) Pythagoras’ Theorem is constantly required in all mathe¬ 
matical work, but the proof of it is ulira-notorious for its cum- 
brousness, clumsiness, etc. There arc several Vedic proofs thereof 
(every one ofthem much simpler than Euclid^s). I give two of 

them below: u n 

E, F. Gand H are points A. r i 

on AB. DC, CD and DA such g \ 

thatAE-BF-CG-DH.H|US \ 

ABCD is split up into the • V \ 

square EFGH and 4 congruent U 

triangles. \ ^— ® 

Their total area=h»+4xi x mn pUi L — C 

-♦lh»+4*Jmo) 


H D 



1 
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h* } 2iiin 

Butilic .itvM of ABC I) 

' 2n>n * n* 

/. n>*'‘ 2mn • n= 

,\h^ Q.E.D 

(20) SccomI Pnfo/'. 

Driwv BD _L t<» AC. 

Tlwn ABC. ADB a»tl 
BDC arc simiinr. 

ADB AB- BDC BC> 

•• ABC ' ABC"AC* 

. ADB-hBDC _ AB—BC- gm adB+BDC - ABC 
•• ABC AC* 

/. AB*-|-BC*-AC* Q.E.D. 

Note: Apollonius Theorem, Ptolemy's Theorem, etc./are all 
similarly proved by very simple and easy methods- 

SrsciMENs moM Co>nc« amo Ca.lcut.tts 



(21) Equation of the siraifiht line joining two points: 

For finding the equation of the straight line passing through 
two points (whose coH:^rdinates are given). 

Say (9.17) and (7. -2). 


By the Current Method : 

Let (he equation be y-mx+c. 
/. 9m+c-17;and7m+c - - 2 


Solving this simuItaneous*eqnation in m and c. 

Wehave2m = I9; A ro=9i A C--68i 
Substituting these values, wc have y«9}x— 

.% 2y'»I9x-l37 .% I9x-2y^I37. But this method is cum¬ 
brous. 


Second method using the formula y-y' - 
is still more cumbrous (and conrusing). 




But the Vcdic mental one-linc method by the Sanskrit Suira 
(Formula), (Paravartya~Su(rd) enables us to 

write down the answer by a mere look at the given co-ordinates 
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07i » iliH-S V KCitvroUqtwion represent (uv ^Iruight fines! 

Siw. \2x^-i 7xy - 10y».m3x+45y^35-0 

fhv Civrenf Methotl: 

r»rof. S.L. Loney dcvMcs about 15 lines (Kciion 119, Ex. 1 on 
page 97 of his ‘‘Elements of Co«Ofdinaic Ocomciry'*) to his 
model*' solution of this problem as follows; 

Here a- 12, 7/2, b —10. g- 13/2, f- 45/2 and c»-35. 

• abc •: 2fgK— aP — bg*— eh* turns out to be zero. 

(«)■-, 

' .4200 + ^ ^6075 4- 


-(-35) 


(;y 


-1875-^1^=0 

The equation represents two straight lines. 
Solving it for x. we have: 


, 7y(-l3 , 

^23y-43 
24 / 


( 




10y»-45yi-35 i' 7y-fl3 V 


n 


y 


) 


7y+)3 23y-43 

“ 2 i— ‘—2r~ 


3 4 

/. The two straight lines arc 3x-2y—7 and 4x — 5y*f5. 
Bj- the Vedk method, however, we at once apply the Adyam- 
Qdytno SQira and by merely looking at the quadratic write down 
the answer: 

Yes, and the straight lines are 3 x- 2 y^ “7and 4x-r5y*'5. 
(23) Dealing with the same principle and adopting the same 

procedure with regard to hyperbolas, conjugaU hyperbolas and 
asymptotes, in articles 324 and 325 on pages 293 and 294 of lus 

••Elements of Co-ordinate Geometry'* Prof. S-L. Loney dev 

41 lines to the problein and says: . . 

A. 3x=-5xy- 2y«-f5x-1 Ij- 8 -Oi, the equation to thegiv^n 

hyperbola. 
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.\3(- t) 

AC -12- 


• The equaliim in Ihc asyiaploics \% 3x*-5xy-2y>H.5x^ ji 
t2 0 ^ 


and Ihc equation to ihc conju^ic-hypcrbola is 3x*- 5xy *• 2yi j 
5x+l5y-16 0 

5 ^' fhe Veifk mtlhod, however, we use the same Adyam-ddytnu 
Sufra and automatically write down the equation to the asynp. 
rotes and the equation to the conjugate>hypcrbola. 

The Vedic methods arc sc simple tliat their very simplicity j| 
astounding, and. as Desmond Doig has aptly, remarked. // k 
difficult for any one to 6^/ierc it imtil one aclually sees it. 

It Will be our aim in this and the succeeding volumes* to bring 
this long-hidden treasure-trove of mathematical knowledge 
within easy reach of everyone who wishes to obtain It and benefit 
by it. 


April i95« 

New Yofk(U.S.A.) 


Sw^Mi BiiAKATi Kg$?SA TIrtha 
Jacadcuru Shankaracharta 


-TM. I« .IK «,ly IcH bj <hc aulhar-EDTOK. 



ONE 


Actual Applications 

of the Vedic Sutras to Concrete 

Mathematical Problems 


A SPECTACULAR ILLUSTRATION 

For the reasons jusl explained immediately hereinbefore let us 
take the question of the conversion of vulgar fractions into their 
equivalent decimal form. 


First Example 


Case 1 Let us Arst deal with the case of a fraction say 1/19 
1/19 whose denominator ends in 9. 


Bv THE Current Method Vedic Ost^line Mental 

Method 


19)1.00(.0 5 2 6 3 I 5 781 
95(94 73 6842 ij 
50 170 

38 152 

120 ISC'* 

114 I7J 
60 90 160 

57 76 152 

30 140 so 

19 133 76 

IJO 70 40 

95 57 38 

150 130 20 

133 114 19 


A. FIRST METHOD 

A -.6 5263 1 5 781 
11 1 1 1 1 [ 

9 4736842 i) 

I 1 1 

B. SECOND METHOD 

A-.0 52 6 3 1 5 78/94736S42j 

i 1 I m/ 1 U 

Xhisisthe whole working. 
And the modtts opermdi is 

wplaiMd in the neM ft'v 
pages. 


170 


160 



It is thus an'ar'-'iil rtcumitg-iJocinml answer 

requires IS Meps orwerUngaccording to llio current syiteui but 
only one hy the Vedre Method. 

Explan.\tion 

The relevant reads: 7 ^^ (LkntffukcnaPurmtn) 

which, rendered info English, simply says:-By one more than 
the pTC\'ious one’*. Its applicalicn modus operomh arc as 

fallow: 

(/) Tlic last digit of Uic denominator in this, case being 1 and 
the previous one being 1, ‘‘one more than Ihc previous one** 
evidently means 2. 

(f'O And the preposition **by** (in the indicates that the 
arithmetical operation prescribed is either multi plica lion or 
division. For, in the ease of addition and subtraction, to and 
from respectively would have been The appropriate preposition 
to use. But "by" is the preposition actually found used in the 
Sutra. The inference is therefore obvious ihatcithcrmultiplica- 
lion or division must be enjoinedi And, as both the meanings 
are perfectly correct and equally tenable according to grammar 
and literary usage and as there is no reason^in or from the 
text—for one cf the meanings being accepted and the other one 
rejected, it further follows that both the processes arc actually 
meant. And, as a matter of fact, each of them actually serves the 
purpose of the Sutra fits right into It as we shall presently 
show, in the immediately following explanation of the modus 
operandi which enables us to anive at the right answer by either 
operation. 


A. The First Mehiod 

The first method is by means of multiplication by 2 {which is 
the i.e. the number which Is just one more 

than the pcnuliimaic digit in this ease). 

Here, for reasons which will become dear preacntly, we can 
know beforehand tlial the last digit of the answer is bound to be 

MP'ai" a.id «' 

vaUut of ,he fracon in question inus, invariably cud io 


.icrual /IppiiefiriOHs of the VctUc Sutras 3 

TlKicfmc, a< the lasldigit of Uic Jcnoiniuator in thisca« k 9, 
ii anroni.iucally ^i)11o^vs thattlvc tasl digit of the decimal c^iiiiva- 
ieni i< Is'und to l>c I {w timl the product of the muliipltcaml 
and the multipherco^werncd may end in 9). 

NVe, therefore, start willi I ns the last (i.c. the right-hand- 
most) digit of the answer and proceed leftward continuously 
multiplying by 2 (which is the Ekdilhika Purva, \.e. one more 
llun the penuUnntitc digit of the denominator in this ease) until 
a repetition of the whole operation stares us in the face and 
intimates to us that ware dealing with a Recurring Decimal 
and may therefore pul up the usual rccuning marks (dots) and 
stop further multiplication-work. 

Our mociia'Cperandi'^\>iT\ is that as follows: 


(0 We put down I as the right-hand most 
digit 

(ji) We multiply tliat last digit I by 2 and 
put the 2 down as the immediately preceding 
digit 

(Hi) We multiply that 2 by 2 and put 4 down 
as the next previous digit 

(/?) We multiply that 4 by 2 and pul it down, 

thus 

(v) We multiply that 8 by 2 and get 16 as the 

produci. But this has two digits. We therefore 

put the 6 down immediately lo iho left of the 8 
and keep the I on hand to be canied over lo 
the left ai the next step (as we always do in all 
rDuUiplication c.g. of 69x2 - 138and soon). 

(W) We now multiply 6 by 2, get 12 as ihc 
product, add thereto the 1 (kept to be canied 
over from the riglit at the last step), get 13 as 
the consolidated product, pul the 3 down and 
keep ihc I on hand for carrying over to the left 
at the next step. 

(vii) We ilicn muUiply 3 by 2. add the one 
carried over from the right one, get 7 as the 
consolidated product. But, as 11w i* u smglo- 


l 

2 I 
42 1 
842 1 


6842 1 
I 


36S42 1 
I I 
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Vfdie ettfiOu’imtfca 


digit number with notliing »t> ""V 

Icfl. w pul it down as our next inullipUcand- 


(vifi-xwVO We follow this procedure conti¬ 
nually unlihyc reach the I 81 h difent counting 
leftwards from the riglu, when we find 

whole decimal Ims begun to repeat itscll. we 

therefore pul up tlic usual recurring marta 
(dots) on the first and the last digit of the 
answer (for betokening that the whole of it is a 
Recurring Decimal) and stop tlicmultiplication 
there. 

Our chart now reads as follows: 

A—.ft 5263 1 578/947368 42 1 
II ll I I / I 11 


7368421 
I 1 


We thus find that this answer obtained by us with the aid of 
our Vcdic one-line menial ariilimetic is just exactly Ihe same as 
we obtained by the current method with its 18 steps of Division- 
work. 

In passing, we may also just mention that the current process 
notoniy takes 18 steps of working for getting the 18 digits of 
the answer not to talk of the time, the energy, paper, ink etc. 


consumed but also suffers under the additional and still more 
serious handicap that, at each step, a probable *'trial** digit of 
the quotient has to be taken on trial for multiplying the divisor 
which is sometimes found to have played on us the scurvy trick 
of yielding a product larger than the dividend on hand and has 
thus—after trial—to be discarded in favour of another “triaV 
digit and soon. In the Vedic meilrod just above propounded. 

however, thm are no subtractions at all and no need for such 
trials, expcrimcntsetc., and noscope for any tricks, pranks and 

so on but only a straightforward multiplication of single-digit 
numbers; and the mulUplier is not merely a simple one but also 

L'itb.T particular operation. All this lightens, 

fa nates and expedites the work and turns the study of mathe- 

In this children are concerned. 

* ‘ also fee transparently clear lhai ih^ 


Aeiuat Applications of the VcJle S&lras S 

long, todiou^i cumbrous and clumsy methods of iNe current 
system tend to afford greater and gxater scope for the children's 
making mtslakes(m the course of all the long multiplications, 
subiractionsetc. involved therein); and once one figure goes 
wrong, the rest of the work must inevitably turn out to be an 
utter waste of time, energy and so an and engender feelings of 
fear, hatred and disgust in the children’s minds. 

B. T)i£ Secokd Method 

As already indicated, the secorwl method is of division (in¬ 
stead of multiplication) by the self-same “ffcddWfcc Purva'\ 
namely 2. And. as division is the exact opposite of inulti[4ica- 
tion, it stands to reason that the operation of division sliould 
proceed, not from right to left (as in the case of multiplication 
as expounded hefcrnbcfore) but in the exactly opposite direction, 
i.e. from left to right- And such is actually found to be the case. 
Its application and tiuxfus operandi art as follows: 

(/) Dividing 1 (the first digit of Die dividend) by 2, wc sec the 
Quotient is zero and the remainder is I. Wc, therefore, set 0 
down as the first digit of the quotient and prefix the remainder 
1 to that very digit of the quotient (as a sort of reverse-proce¬ 
dure to the carrying-io-thc-left process used in multiplication) 
and thus obtain 10 as our next dividend. 0 

(ii) Dividing this 10 by 2, we gci 5 as the second digit of the 
quolicnl; and. as there is no remainder to be prefaed thereto, 
we take up that digit 5 itself as our next dividend. .0 5 

(rVn So. the next quotient-digit is 2; and the remaindw is 1. 

Wc, therefore, pul 2 down as tlie third digit of the quotient and 

prefix the remainder 1 to that quoiient-difU 2 and thus have 12 

as OUT next dividend. .052 

(IV) This gives us 6 as quotient-digit and zero as remainder. 
So, we set 6 down as the fourth digit of the quotimt; and as 

there is no remainder to be prefixed thereto, wuke eilsetfas 

our next digit for division which gives the next quouenldig^ ^ ^ 

3' 'l 1 I 
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t\’(Uc AM\cntaHcx 


(r) That gives um I auO J as qoolicnl and remainder respect¬ 
ively. We llicrcfnrc pul 1 down as lUc dtJi quotiem-digit, prefa 
the I Ihcrvip and liavc } i as our ne?il dividend. . 0 5 2 6 3 1 5 


1 J \\ 

(vi-xYii) Carry mg tliis process of slraiglit, contmuous division 
by 2, we gel 2 as tlic 17th quoUcnl-digil and 0 as remainder, 
(.vtjVO Dividing this 2 by 2. we get 1 as .052631578^ 
IS:h quotient digit and 0 as remainder. 1 1 I 1 I I | 
But ihts is exactly what we began wltli, 94736842i) 
This means that ihc decimal begins to 111 


repent iisclf from here, So, we stop the 


nKntal-dfvision process and put down 
the usual recurring symbols (dots) on the 
Isl and 18th digit to show that the 
whole of it is a circulating decimal. 


Note that, in the first method i.e. of multiplication, each 
surplus digit is carried over to tfac left and that, in the second 
method, I.e. of division, each remainder is prefixed to the right, 
i.e. just immediately to the left of the next dividend digit. 


C. A Further Short-cut 


This is not all. As a matter of fact, even this much or rather, 
this little work of mental multiplicatJon or division is not really 
necessary. This will be self •evident from sheer observation. 


Let us put down the first 9 digits of the 
answer in one horizontal row above and 
the other 9 digits in another horizontal 


. 65263 1 578 
947368421 


row just below and observe the fun of it. 9 9 9 9 9 99 9 9 


We notice that each set of dig.ts in the 


upper row and Uie lower row lotaU 9. And this means that, 
whenjusthalf the work has been completed by either of the 
Vedic one-Une methods, the other half need not be obtained by 
the same process but is mechanically available to us by subtract¬ 
ing from 9 each of Utc digits already obtained! And thi^ means a 
reduction of the work sr ill further by 50%. 

Yes, but how should one know that the task is exactly half- 
finished so Diat one may stop the work of muUiplication or 
division, as the ease may be and proceed to reel off the remain- 
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iag lialf of the ansNver by subtracting from 9 each ot live digUs 
already obtAincd? And the answer is—as we s!inH demonstrate 
later on—that, in either method, if and as soon ns we reach the 
dirfcrence between the numerator and the denomluutor (i.e. 
19 -1 *« 18)» we sUalS have completed i'xoctiy halfilw work: and, 
with this ktiowlcdgc, we know exactly when and where we may 
stop the multiplication or division work and when and where we 
can begin rccUng off the complcmcnls from 9 as the remaining 
digits of the answer I 

Thus both in the multiplication method and in the division 
method, we reach 18 when we have completed half the work and 
can begin the mechanical-subifaction device for the other halt 

Details of those principlej and processes and other aWed 
matters, we shall go into, In due course, at the proper place. In 
the raeantirae. the student will find it both inierestlng and pro¬ 
fitable to know this rule and turn it into good account from time 
to time as the occasion may demand or justify. 


Second Example 

Case 2 Let us now take another case of a similar type say, 1/29 
1/29 where too the denominator ends in 9. 

BVTUE CVRMNT Method 

29)l.0CK.d 3 4482 758 62968 

87 9 65 5 1 724 1 3793 i 
130 180 

116 


140 

116 




240 

200 

50 

232 

174 

29 

80 

266 

210 

58 

232 

203 

220 

280 

70 

203 

170' 

261 

190 

58 

145 

174 

116 

250 

232 

180 

160 

145 

150 

40 

29 

110 
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Bv Tin* Vi'Dic Oni>uni: Mi ni al MuJion 

A- riRSTMl'TIlOl) 

A---634JX2 75 S (»20<)» 

1112 2121 222 

96551724137931 
111 2 1 122 

B. SECOND >1ETH01> 

ii344»275862068 
’ J J 12 2 12 1 222 

96551724137931 
11121 122 

This is ihe whole workms by both llic processes. The pro¬ 
cedures arc explained hereunder: 

A. Explanation op the First Method 

Here too, the Iasi digit of tlie denominator is 9; but the 
penultimate one is 2; and one more than that means 3. So, 3 is 
our common —r.e. uni/omt mufflplier this time. And, following 
the same procedure as in the case of 1/19, we put down, I as the 
last (i.e. the right-hand-most) digit of the answer and carry on 
the multiplication continually Inward by 3 *'carrying** the left- 
hand extra side^digit—if any^ver to the left until tlie recur¬ 
ring decimal actually manifests itself as such. And we find that, 
by our mental one-line process, we get the same 28 digit-answer 
as we obtained by 28 steps of cumbrous and tedious working 
according to the current system, as shown on the left-hand side 
margin on the previous page. 

Our mo(fns-ojtfraniii<hArt herein reads as follows: 

A = - C3'4482 75 8 62068' 

1112 2121 222 

9655 1 724 1 3 79 3 J 
111 2 1 122 

• 

B. Explanation op the Second Method 

TTie division-process to be adopted here is exactly the same 

as in the case of 1/19; but the divisor instead of the multiplier is 
uniformly 3 all through. And the chan reads as follows: 



Actuj!AppUeathnxo/s/,f I'cdfc Sutras 

J.^.Ci}4Aii2TSt62Q6S' 

\ \ \ 2 2121 212 

U6551 714 13793 i 
I I I 2 1 122 

C. Th^ Cc"irU-MLNt5 rao>«NiNE 
IU?a' U) 0 . find th&l 1 h^ two halves are all complements of 
cicli other front 9. So, thU fits in too. 

^V“<^544 $27586206$ 

96551724137931 

99999999999999 


By tkb Cujwfnt System 


Thim^ Ei\Ml*U 
Ose3 
1/49 

49)1.00(.62 040 8l 6 32 653 06 I 224 4 S 
0$ 9 7959 1 83673 46 9387755 1 

200 

196 



80 

120 



49 

98 



310 

220 



294 

t96 



160 

240 

410 


147 

196 

392 


130 

440 

180 

190 

98 

392 

147 

147 

320 

480 

330 

“?35* 

294 

441 

294 

392 

“260 

“355 


“5e5 




Ut P Vr/A' 

HyiMI Vu»ir Ovr-i iviMisj m MiMioi* 

, MV mnhrliYv '"-^y 

,nou‘ ... iiomHinKU.J.r.**. S*>. A. (IW muU.pl.ctUon Wfu 

w,imI Oom rfii' njiM) hy ^vr li.iv.* • 

;. .A ? 0 I OS I A .*’ t» 5 .M) 6 I 2 2 4 4 
M 7 •)', i> I H T A 7 4 S 7 7 5 5 i < 

t424 ^ 

k.r U. (Hy ilivKHMi rij'lih'MKi fiv’*vllic tcH) l»y 5^ 

. A 2 C 4 0 S I 6 2 <» 5 « (i I 
t 2 4 ^\ \ }2l M 2244 i 

«> 7 •» 5 '> I S 2 6 7 3 4 6 3 ^ 7 7 5 5 13 


-M Ilirs iHHtil. Ml »i\ *IK' llircc i>r(H:cssc», wc And tluit 
wc lijiv.-rc;Hlic<l -fs iUc<riircn.*«icuKl\YCvn llic numciatorand ihe 
diwiiiiintor, ViU (umiis dciMiuKUw \vi>vk of mulliplication 
oriUvif^ion.as I Ik* case nwy lie Im lH\*n completed and that >n i 5 
my IhnvforY stoptiwl |»i occss amt may begin tlw easy and 
iiKcIeiuKuil iviwcss nf ohuiliuiift tlm wnaInins digits of tb 
aiinwcr will we tola I imml»cr of digits is I bus found to he 2t +2t 
. 42- Awl ycl. tbe mnarkabto Ihing Is t bat tlw cuvrent system 
lakes 42 stc|w of clalH>rjio and cunihrous dividing with n 
series of nuibipllculions ami subsiractions and witb the rl$V; 
ofllw ralbiru of one or more ^‘Irinl sHgiw" of the quotient 
lira] so on wlille a single, slraiglit and conlinuotis process¬ 
or miilliplKAition or division—by a single imddpUer or divisor 
isciiibcemmgb in ibe Vcdie nclluHl. 

Ilic complcincnls froai nine are also Ihci c. 

Hjt ibh Pi not all. Onr n.’julci'S will doubtless be surprised ic 
learn—bill it w fad—I bat II wiv arc, in llw Vodw system, still 
simpler Am\ easier methods by whiefn willioul doing even the 
easy work explained Iieroinabove, we ciin i^ut tlown digit after 
digit of Ibe answer, rigid from the very sUrt to the very end. 

mu, as lliese tba*c examples of and -A have bc*cn dealt 
witb flmi explained at thU md In the eoulcmpUted regular 
scijaeiicc but only by way of preliminnry ,/cmc«r^n?rir?« 
«.tKri,ci,on<,r„tt:ii;.ii..niil«r:ilai,d .indcrslauaiible, luiy, P«- 
Juiry jiMdhibleiyix.'of purely inhjpectualcuriosUy we do not 

pfop<«e logo—Iicre mul uow^l.oi^ i ... .j ...-.La ,...a 


Actual Applications of the Vedic SHtras \ 1 

\wrM<\ cooiprclicnsivc and exhaustive cxixwjtion of the oUier 
a‘;i<mndinil processes found in the Vcdic mathematical Sutras 
m ilirt pa n leu lar subject. We sliall hold them over to be dealt 
wilh, at Iheir own appropriate plaw, in due course, in a later 
ciuipkr. 

23 5Rr 



TWO 


Arithmetical Computations 


MULTIPLICATION 
By ‘NiKHiutt' SCTra 

We now pass on to a systematic exposition of eertain salieot, 
interesting, icnportaat and necessary fonnulae of the utmost value 
and utility in connection with svithmetical calculations begin* 
ning with the processes and rr.ethods described in the Vedic 
mathematical Sutras. 

At this point, it will not be out of place for us to repeat that 
there is a general formula which is simple and easy and can be 

applied to all cases; but there are also ipecio/cases—rather, 

types of cases—which are simpler slill and which arc, iherefoic, 
first dealt with. 

We may also draw the attention of all students and teachers 
of mathematics to the well-kcowo and universal fact that, in 
respect of arithmetical multiplicadons. the usual present-day 
procedure everywhere in schools, colleges and universitio is for 
the children in the primary classes to be told to up—or “gel 

by heart”_the multiplication-tables up to 16 times 16» 20x20 

and so on. But, according to the Vedic system, the multiplication 
tables are not really required above 5x5. And a school¬ 
going pupil who knows simple addition and subtraction (of 
single-digit numbers) and the muliiplication.tablc up to five 
times five, can all the necessary multipUcation-tabltt 

for himself at any time and cjn himself do all the 
multiplications involving bigger multiplicands aod 
with the aid of the relevant simple Vedic formuUe which cnab^ 
him to get at the required products, very easily and apwaiiy 
nay, practically, immediately. The Sutras are very s • * 

once one understands them and the modus eperarui * 
therein for their practical application, tlie whole thing b 
a sort of child’s play and ceases to be u '‘problem *- 
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I JcMiS fil*! J.tI., U^I ,1 V;f^ f.l .y MMp!^ 

I r t! f nn»l(ivN.\|i‘»TH*f’iJii|*i» ‘l«f*** aW/*! 5 

Af.l iJjivt.inl'c tU>i\c vvirlhiui Vnvrt)-Iij; of 

r.c fuf^.^t r. iiUij'lu.itukm oftfj; nuiUiri^c.uu>ii-UJjkf. 

The .V., / r. j u* <ulf.? •'; ».7 ^ r / *t '3:? T; h>n Uu fc ltd- 

-> r. •*;?,. M V'h vJi. K5t^-n> CMnauvd. •‘Mi U;;n 
9.\yMr..i'VM{f,MT\ hV'JN'c diiW -nc .\ lUt.ulcd «pUiut*on, 
r.iK. k'f the nuanniiJ nnU jppUtMliofsi of ihn cfypiic^I. 
•.’•:srdmfrr'fmu'4. )Ui}us\ n^'s wcsiaJcaud explain tl.c a^raal 
rrcec.lurc, step hy step, 

Supjvv.c v\c l).uc lo mull iply 9 hy 7. (10; 

0) We shouM lakc» as base fo' oiir calculuJions, iKat 0-1 
p.Mver of lO'vhicIi K nearest to the numbers to be 
muUipIiv-d. In tliisca^c JO itself is that power; 

(rj) rul the two numbers 9 and 7 abow and below on the 
left-hand «fde (as shown in the working alongside here on the 
fight*hand side margin); 

(Hi) Suhtraci caeli of them from the base (10) and write dovm 
die remainders (I and 3) on the right-hand side with a connect¬ 
ing mirsus sign (—) between them, to show* that the numbers to 
be multiplied arc IrafJi of them less than 10. 

(/!*) The product will huw two parts, one on the left side and 
one on the right. A vertical dividing line may be drawn for the 
purpose of demarcation of the two parts. 

(r) Now. the left-hand-side digit (of tlic answer) can be arrived 
at in one of 4 ways: 

(0) Subtract the base lOrromihc sum of the given nura- 
bers(9and 7, he. IQ. And pul (16-10) i.c. 6. as the 
ieft.l‘and part of iJic answer. 9^7- jO-6 

wr (Q Subtract the sum of tlic two dcfici- 
encies {H-3«4) from Die base (10). 

Vou eculiB same answer (6) aijain. lO-l-J-6 

or {£)Cros5.subiracl dcridency 3 on the 
^»d row from (he oriei.ml uum- 
wr 9 in the first row, And you find 
'!■<“ y«ul,av5«„, (y-3),i.o.6iigain. 


9-3-6 
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or (rf) Cros^-5ubiraci in the converse way 
(i.c. I from 7). An<l you get 6 ns^in 
lU the IcA'luind siJc portion of the 
rcqii i red answer. 7—1 6 

Uci€’. Tit it aval lability of the same result in scvcnil easy 
ways is a very common feature ofilic VcJic system mid rs of great 
advantage and help to the studsnt as it enables him lo lest ami 
verify ilic correctness of his answer, step by step. 

(rt) Now, vcrlrMlIy niiilJl ply the two deficit fcsures( I ami 3). 
The product is 3. And this is the rightdiaiid•side portion of the 
answer. (10) 9-i 

(WO Tims 9x7 63. 7-3 

TiT 

11k is method holds g«>od in all eases .and is, I here fore, capable 
of inrmilc application. In fact, old historical Iradilions describe 
this cr«Husut>truction proo«*s\ ns hasing been re<ponsil>le for the 
acceptance of the X mark as the sign of multiplication. 

(19) 9-1 

7-3 

As further illustrations of ihtf same rule, note the following 
examples: 

9-1 9-. I 9-1 9-1 8-2 8-2 8-2 7-3 

9-t 8-2 6-4 5-5 S-2 7-3 C-A 7-3 

8/1 7/2 5/4 4/5 C/4 5^6 4/8 4;9 

This proves the correctness of the formula. The algebraical 
expbnatloii for this is very simple: 

(x-a) (x—b)'’X (x-a-b)*rab. 

A slight difference, Itowcvcr, is noticeable wlien the vertical 
multiplication of the deficit digits (for obtaining the Tiglil-haiid- 
sidc portion of the answer) yields a product consisting of niorc 
than one digit. For example', if and when we Imc to multiply 

6 by 7. and write it down as usual: 

7-3 

6-4 

W 


16 


VciKc ASarhcsiiitiics 

wc noilci: that \hc rcquifk:d vi:T»c3l ^ 4) 

Sivci«usthc prtol«ct 12 (which coitsisis of 2 digit*; but. as our 
base U 10 and the richf-hand-irost digit rs obviously of units, 
sw arc entitled only to otxc digit (on the rifilU-hiiod side). 

This diflicuUy, ho^wwr, is easily surmounted with die usual 
multipiic;ition rule that tlic surplus portion on the left should 
alwa^-s be “wnied" over to the left. Tlicirfoi^ m ihe present 
case, we keep the 2 of the 12 on the right hand side and ‘cany- 
the 1 over to the left and change the 3 Into 4. We thus obtain 

42 as the actual product of 7 and 6. 

7-3 

6-4 

3A2 - 4/2 

A similar procedure will naturally be required in respect of 
other similar muUipUcations: 

8-2 7-3 6-4 6-4 

3-3_5-5_6-4_ 6 -5 

3/jO-4/0 2A5-3/S 2A6-3/6 l/*0-3/o" 


This rule of multiplication by means of cross^subtraclion for 
the left-hand portion and of vertical multiplication for the 
right-hand half being an actual application of the absolute 
algebraic identity: (x+a) (x-h b) ■ xfx+a+b) +ab, can be extend¬ 
ed further without any limitation. Thus, as regards numbers of 
two digits each, we may notice the following examples; 


The base now required is 100. 

91-9 93-7 93-7 93-7 89-11 91-9 93-7 

91-9 92 - 8 9 3 - 7 94 - 6 95 - 5 96- 4 97 -3 

82/81 85/56 86/49 87/42 84/55 87/36 90/21 


92 - 8 88-12 78 - 22 88-12 56 - 44 67 - 33 25- 75 

98 - 2 97- 3 96 - 4 98 - 2 97 - 3 99- I 

90/16 86/24 75/66 84/48 54/88 64/99 24/75 


bolh the croswubltac- 

portion (for the left.hand-sM' 


^ riz/tiitcfictj/ Cnmpit/af/(fiis j 7 

Xoir :: Here loo. note that Uic vertical muIHplicailor> for the 
Ti£hl-hanJ portion of thcproiluet may. injiomccasci, yield 
a mofMhaii-two-digit product; but. with 100 as our base, we 
can have only two digits on the righl-lmnd side. We should llierc. 
fore adopt the same method as before (i.c. keep the permissible 
two digits on tile riglu-hand side and “carry” the surplus or extra 
digit over to the left) as in the ease of ordinary addition, com¬ 
pound addition etc. Thus: 

88-12 88-12 25-75 

88-12 91- 9 98-2 


76/,44- 77/44 79/,08= 80/08 23/x50 ^ 24/50 

Ucfe: Also, howlhe meaning of the Surra comes out in all the 
examples just above dealt with and tells US how to write down 
immediately the delicit hgures on the right-hand side. The rule 
is that all the other digits of the given original mimhers arc to he 
subtracted front 9 but the last. i.e. the right hand-most one should 
be deducted from 10. Thus, if 63 be Che given number, the deficit 
from the base is 37; and so on. Th\t process helps us in the work 
of ready on-sight subtraction and enables us to put thedcfi> 
ciency down immediately. 

A new point has now to be taken into consideration i.e. that, 
just as the process of vertical mQltiplication may yield a larger 
number of digits in the product than is permissible and this 
contingency has been provided tor, so, it may similarly yield a 
product consisting of a jmo//er number of digits than wc are 
entitled to. What is the remedy^ Well, this contingency too has 
been provided for. And the remedy is—as in the case of decimal 
multiplications—merely the filling up 01 all such vacancies wiih 
zeroes. Thus, 

99-1 98-2 96-4 97-3 

97-3 99-1 98-2 97-3 

96/03 97/02 94/08 94/09 

With these 3 procedures for meeting the 3 possible contingen¬ 
cies in question, i.c. of normal, abnormal and sub-normal num¬ 
ber of digluin the vertiral-multiplicaiion-producls and with Ihe 
aid of the subtraction-rule, I.e. of all the digits from 9 ami the 



Iasi one from 10 , for writing <li>wn the amount of the Jcficiccicy 
from the basc» we can extend this inultipJicalion-rule to nutt^ 
bers consisting of a larger number of digits, thus : 


88S-I12 

998-0Q2 


g79-l2l 697 - 303 598-402 
999 - 001 997 - 003 998 - 002 


886/224 


878/121 694/909 596/804 


988-012 888-112 112-888 

988-012 991-009 998- 2 

97^/144 879/,008 = 880/008 110/x776-ll 1/77$ 

988-0)2 998-002 9997-0003 

998-002 997 -003 9997-0003 

986/024 995/00$ 9994/0009 


99979-00021 
99999 - 00001 


999999997- 000000003 
999999997- 000000003 


99978/00021 999999W4/000000009 


Yes, but, in ail those cascs^ the multiplicand and the multi¬ 
plier are just a little below a certain power of ten (taken as the 
base). What about numbers wluch are above it? 

And the answer is that the same procedure will liold good 
there too, except that, instead of cross-subtracting, we shall have 
to cross-add. And all the other rules regarding digit-surplus, 
digit-deBcit etc., will be exactly the same as before. Thus, 


12+2 
ll + l 

13+3 

12+2 

!1 + 1 
15+5 

16+6 

ll-l 

18+8 

11+1 

108+8 lU+lI 
108+8 109+9 

13/2 

15/6 

16/5 

17/6 

19/8 

116/64 120/99 

16+6 

12+2 



17+7 

12+2 


18+8 

12+2 

18/ 2 - 

19,2 


19,;4. 

-20/4 

20;,6 -21/6 

18+8 

18+8 


19+9 

19+9 


1005+5 

1009+9 

1016+16 

1006+6 


26/44-32/4 28 / 4 I - 36/1 1014/045 1022/096 


f'liit/uifuUfm f iO 

ill It.. Mi:iy iKcxphihnl 

4N ; 

\>i) (A I A(A ( n I fi) f.»U. 

\i-., iknj jf t*n»i mI Jii«* iMMiilMtrn 11 ti/iow'un(\ lltco^^jcf is Moi¥ 
rt I'uWiVnr Unr whiiLlJici) '/ 

'rjirjniMv.‘r h iImk itiR |»lih nmi UtK nimm will, on muIlijUica* 
Him, JH'linvi'n Ulny nlwayri ilo niul pro<fucc n in/niJi»pfo<juci 
doilJliarilK'rirJir.Jiiiiiii imoi^ou oWaiii*! by miicif mufiiplica- 
ihMMvilhJinrfimi haw ro Iw A VJncufum may be 

... lljh.ckiir. Tlmn, 

IfWl-K r07.j-7 m>\2 

W-7 9«-2 

ro5/2-f mpe mfdii c*9/5j ;oo/ 5 ? 59 / 9*5 

I033-I-33 
997- 3 

- |l>22/922 (MO/CW • f029/50: 

lOrXXi PC 

m‘)-i 

J 0003/000(1 -10001/9994 

A'wO-: KrtJc ifmt evtn iJiv subrracjlod ofilw vinculum^portlon 
limy 1)0 easily <h)iwwi(lH)ic aid of ihc SiVra und(?r discussion 
i.u. nil from 9 and Jhe fasL fruni 10. 

M XI i;i i i*r.i :r, a Ni kS nuifi 

hill, ill all llicsciiiw, yn fiml boih the muliiplicand and 
llaf iniillipHcp, or al Iml one of ificm. very near iJic base lakcn 
in cjidi caric; and fliif. ^yves Ui a small muUipIkrand tlius rend¬ 
ers Hie nial(ij>NcaHmi very easy. W/mi alanu Hie mulHpl/caiioft 
or (Wo ruimlvri, neilfier of wAldi is near a convenieni base? 

'J lie nmleil sola iron Air (Ids purpiisc h fiirnisJied by a small 
"i/pttititrfi* {or Mih-forinida) whicli is sixalled because of its 
pra cl ita I ly a a i o nm 1 1 c cl laraci cr. 
l1iK snb-,rt?rroconsKh of only one word 

wluulrfiiropfy ineoMS ••Pm/K>rti<>rmMy’*. Jn uclual npplU 


I? I 2 
K« 7 

l(i/.'f ort 

l«2r».|-2fi 
9*>7 a 
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cation, it connotes that, in all cases where there is a ralionaf 
ratio-wise relationship, the ratio should be taken into account 
and should lead to a proportionate multiplicatfon or division as 
the case may be. 

In other words, when neither the multiplicand nor the multj. 
plier is sufficiently near a convenient power of 10 which can 
suitably serve as a base, we can take a convenient multiple* or 
sub-multiple of a suitable base, as our **working base*', perform 
the necessary operation with its aid and then multiply or divide 
the result proportionately, i.e. in the same proportion as the 
original base may bear to the working base actually used by us. 
A concrete illustration will make the modus clear. 

Suppose we have to multiply 41 by 41. Both these numbers 
are so far away from the base 100 that by our adopting that 
as our actual base, we shall get 59 and 59 as the deficiency from 
the base. And thus the consequent vertical multiplication of 59 
by 59 would prove too cumbrous a process to be permissible 
under the Vedio system and will be positively inadmissible. 

We therefore, accept 100 merely as a theoretical base and 
take sub-multiple 50 which is convemenUy near 41 and 41 as our 
working basis, work the sum up accordingly and then do tbe 
proportionate multiplication or division, for getting the correct 
answer. 


Our chart will then take this shape; 



2 

(/) We take 50 as our working base. 

41-9 

(it) By cross-subtraction, we get 32 on 

41-9 

the left-hand side. 

2)32/81 


16/81 


(Hi) As 50 is a half of 100, we therefore 
divide 32 by 2 and put Id down as the 
real left-hand-side portion of the 
answer. 

(i>) The right-hand-side portion SI remains 
unaffected. 
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(v) The an wcr therefore is 16S1. 

or, secondly, instCAJ of taking 100 our 
theoretical base an4 its half 50 as our 
working base and dividing 32 by 2» 10x5*50 

we may take 10. as our theoretical - 

base and its multiple 50 as our working 41—9 
base and ultimately multiply 32 by 5 41-9 

ami get 160 for the left-hand side. And - 

as 10 was our theoretical base and we 32/|i 

arc tJiercforc entitled to only one digit x 5/ 

on the right hand side, we retain 1 of - 

the SI on the right hand side, '^carry'* 160/^1«I6S1 

the S of the 81 over to the left, add it - 

to the 160 already there and thus obtain 168 as our left* 
hand-side portion of the answer. The product of 41 and 
41 is thus found tobe 1681 (the same as we got by the 
first method). 

or, thirdly, instead of taking 100 or 10 as our theortrUusJ base 
and 50 a sub-multiple or multiple thereof as our working 
base, we may take 10 and 43 as the bases respectively and 
work at the multiplication as shown on the margin here. 
And we hnd that the product is 1681 the same 10 x4- 40 
as we obtained by the first and the second 41 + 1 
methods. 41+1 

42/1 

X4/ 

168/1 

Thus, as we get the same answer 1681 by all the three methods, 
we have option to decide—according to our own convenience— 
what theoretical base and what worldng base we shall select for 
ourselves. 

As regards the principle underlying and the reason behind the 
vertical-multiplication operation on the right-hand-side remain¬ 
ing unaffected and not having to be multiplied or divided *'pro* 
portionately*' a very simple illustration will suffice to make this 
clear. 

Suppose we have to divide 65 successively by X 4, 8. 16. 32 
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ana 64 which bear a cerlnin iiilenml 
;hcm«Uc5. \Vc nwy wriu* »l<>w« «*«r 
follows: 


lalh* <*r iiiliMft 
ijiMc 4 a 1(4 


55. 

32 


ani- tL 

•^“ 2 * 4 


1 65 

T *' 

tuui 


I, 

H* 


65 

'16 


4 


I 


16‘ 


1 .65 

2-;andj^- 


1 -i-K /-V t'lwxfwtf. 
64 


Wo notice tl,aU.lUcJcnommaU.r. i.c. ll-« -'ivlM-r ,!o« .... 

/ffcrcfljmj in a certain ratio, the <!MOliui h 

proporijonatcly;buiilu:rc»i<i)m/c/*f<v»c//i« mfsffmt. And Ih.^ 

is wh>- it is rightly called tlie rmahuhr (Hl'l'ia: I ) 
rhi fMWmc. flddilional exampks will serve to iltii-tr. 


iltC 


n.iv II 19 ....... ■ 

The following additional examples will serve 
the principle and process of i-c. ‘I'« t-c tc 'i'K '>f « 

multiple or sub-multiple as our working l>asc Jiiiil dtuiiB ll>c 

fflyltj plication work In Uiis way. 


<1)49X49 

Working Base 100/2= SO 
49-1 
49-1 


2)48/01 


24/01 

(3)46x46 

Working Base 100/2 •* SO 
46-4 
46-4 


2)42/16 


21/16 

(5)46X44 

Working Base I0x5'^50 
46-4 
44-6 


Or (2) 49x49 

Working Base 10x5-50 
49-1 
49-1 


48/1 

X5/ 


240/1 

Or (4)46x46 

Working Base 10x5‘ 50 
46-4 
46-4 


42/,6 
X5/ 


2l0/t6«2ll/6 

Or (6) 46X44 

Working Ikise 100 / 2«-50 
46-4 
44 6 
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4Q/,4 

X5J 

2)40/24 

20/24 

200/|4 
. 102/4 


(7)59/59 

Of (8) 39x59 

Working Base 10x6-60 

Working Base 10x5-50 

59-1 

59+9 

59-1 

59+9 

58/1 

68/.1 

X6I 

x5/ 

348/ 1 

348 /1 

Or (9j 59/59 

(10)23x23 

Working Dale 100/2-50 

Working Base 10x2-20 

59+9 

23+3 

59.1-9 

23+3 

2)68/8! 

26/9 

x 2 / 

34/81 

52/9 

(11)54x46 

Or (12) 54X46 

Working Base 10 x 5 - 50 

Working Base 100/2-50 

54+4 

$4+4 

46-4 

46-4 

50/tO 

X 5 

2)50/15 

250/i5 

25/T5 

- 24 / 84 

- 248/4 


(13)19x19 

Or(14) 19x19 

Working Base 10x2 » 20 

Working Base lOx 1 -10 

J9-I 

19-^9 

19-1 

19+9 


24 


Vetlic Mtulrmuffc* 


IS / I 

x2/ 

I 

(l^62x4B 

WoTkineBJi«: 10x4=* 40 
<)2-|-22 
4S+ S 

70/176 

X4/ 

2SO/],6 

-297/6 

Or (17) 62x48 

Working Base 10x5^50 
62+12 
48- 2 


2K/.I 

**36/1 

(K»>r»2/4« 

V/<»rkiny 10x6- '6 
62-i 2 
4R -12 

x6/ 

m / 

-277/6 


62/4K 

Working Ua'.c mp.-Vi 
62 i 12 
4K- 2 


60/;l 
X 5/ 

300/yl 
-297/6 


2)60/.^ 

' 30 lii 
■ 29 /76 


(19)23x21 Or (20) 23/21 

WoTking Bas510x3-30 Working lijr.c 10/2-26 


23-7 

23-1 3 

21-9 

2!-i-l 

14/.3 

24/3 

X3/ 

X2/ 

42/,3 
= 48/3 

-48/3 


(21) 249x 245 

Working Base 1000/4 - 250 
249-1 
245-5 


(22)48 x 49 

Working Base 10/5'* 

48- 2 

49- I 
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4>;44 CW 
"M 'W5 


Or 

V^’ofkiag Bjse 100 2 - 50 
4S^2 
49^1 


47 / 02 


23 ^ 02 * 23/52 



yotc; Her« 47 b«mg odd, its divUion by 2 ghcs us a fractional 
quo; j«nt 23| and that, just as half a ru^ or half a pound or 
half a dollar 1$ taken over to the ngtt-ha^^side (as S anciaa or 
30 shillings or 50 cents), so the half here (in the 23|)i$ taken 
over to the righi-hand-side (as 50). So, the answer is 23/52. 


(24) 249 X 246 (25) 229 x 230 

Working Base 1000/4- 250 Working Base 100Ct^4 •• 250 
249—1 229-21 

24$-4 230-20 


4) 245/004 


6U/004 

*61/254 


4)209/420 


52f/420 
-52 / 670 


^^o^e : In the above two cases, the J on the left hand side is 
carried over to the right hand as 250 as J of 1000. 

The following addiiioDsl worked out examples will serve to 
further elucidate the principle and process of multiplication 
according to the Vcdic Siitra (•MkAi/ort’) and facilitate tlte 
student’s practice and application thereof: 

(1) 87965 x 99998 

87965-12035 
99998- 2 


-87963 / 24070 


(2)48x97 

48- 52 
97- 3 


45 /156 
-46/56 


I'fJie Alaihctnaflcs 


(3) 72x95 

72-2S 

95- 5 

67 A40 

. 6S / 40 

(4)889x9998 

0889-9111 
9998 - 2 

887A8222 

• 888 / 8222 

(5)77x9985 

0077-9923 

9988-0012 

65!ti90l6 

(6)299X299 

Working B.1SC 
(W.B.) 100x3-300 
299- 1 

299- 1 

^76/9076 

298/01 

X3/ 


-894 / 01 

(7)687x699 

W.B. 100x7^700 
687-13 

699- 1 

(8) 128x672 

W.B. 100x7 = 700 
128-572 

672- 28 

686/13 

X7/ 

I00/uol« 

X7/ 

-4802/ 13 

?00 /„,16 


- 860 / 16 

(9) 231x582 

W.B. 100x6=600 
231-369 

582- 18 

(10) 362X785 

W.B. lOOxS-'SOO 
362 - 438 
785- 15 

21J/.,42 

XSI 

_ 

1278/^2 

2776 /„70 

“1544/ 42 

= 2841 / 70 
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{) I) <32x528 

Or (12) 532x528 

W.n. J00x5- 500 

W.B. 1000/2 • 500 

532-i-32 

532+ 32 

328+28 

528 1- 28 

560 U96 

2) 560 / 896 

X5/ 


^2807 896 

2800 /s96 

- 2808 / 96 

(13) 532x472 

0/(14) 532x472 

W.B. 100x5-500 

W.B- 1000/2 - 500 

532+32 

532+32 

472- 28 

472-28 

504/,93 

2)504/,96 

x5/ 


252/,03 

2520/*98 

-251/104 

-2511/04 

(15)235x247 

(16)3998 x 4998 

W.B. 1000/4 - 250 

W.B. 10000/2 - 5000 

235- 15 

3998-1002 

247- 3 

4998- 2 

4) 232 / 045 

2) 3996 / 2004 

- 58/045 

-1998 / 2004 

(17) 19x499 

Or (IS) 19x499 

W.B. 100x 5 - 500 

W.B. 1000/2-500 

19-481 

19-481 

499- 1 

499- 1 

18/ ,81 

2) 18/481 

XS/ 


-9/481 

-94/8T 
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(19)635x502 

W-U. 1000;2 500 
635-*'135 
502-f- 2 

2)637 / 270 

3i8i/270 

-315/770 


(20) 18x45 

W.B. 100/2-=50 
18-32 
45- 5 


2)13 /,60 


8/ 10 


(21) 389x516 

W.B. 1000/2- 500 
389-111 
5164- 16 


2) 405/t 775 
202i/T?76 


202/^75 
- 200/724 


Nou: Most of thete examples are quite easy, In fact much 
easier, by the iPrdh'fa-Ttryagbhydm) Sutra which 

is to be expounded in the next chapter. Tliey have been included 
here, merely for demonstrating ihal they loo can be solved by 
Ihc *Nlkh'dath' Sutra expounded in this chapter. 

But before we actually take up the ^Ordhva^Tlryak^ formula 
and explain its morfwqpercrtdi for multiplication, we shall just 
now exj^ain a few corollaries which arise out of the •Nikkilm" 
SSira which is the subject-matter of this chapter. 

Thh First Corolury 


ot me 




The first coroltiry naiuralij arising out 

which lawns 

w^tcverthccatenrorhs deficiency, lessen It still further > 
veiy wtent; and also set up the square of that deficiency”- 
TOis evidently deals with the squaring of numbers. A 
elementary examples will suffice to make Its meaninS 
application clear: 
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Suppose wc have lo find iJic sqiuro ot 9. Hie following wiU 
bo titf sucCMsivc singes in our menial work mg: 

(f) Wc sliould ukc up t}M nearest power of 10, i.c. 10 itself as 
nur base, 

(/j) As 9 B 1 than 10» wc should decrease it still further 
by I and set 8 down os our left^side portion of the answer. 

8 / 

(at) And, on the right hand, wc put down the square 

of that deficiency S/I 

(Iv) Thus 9*-81 9-1 

S/I 


61 

6/4 

$-2 

$-2 


In exactly the same manneri we say 

6/4 

7‘.(7-3)/3*-4/9 

7-3 

6«-(6—4) and 4*»-2/,6-3/6 

7-3 

5*-(5-5) and 5*-0/,5-2S;and so on 

4/9 


Now. let us take up the case of S*. As S is 2 less 
than 10 , we lessen ri still further by 2 and get 6-2, 
le- 6 for the left-hand and putting 2*-4 on the 
right-hand side, wc say 8^ - 64 


Yes, but what about numbers chore 10 2 We work exactly as 
before; but, instead of re«*«:/V« Hill further by the deficit, wo 
increase the number still ftirlhcr by the atrphs and say: 

IP-(11+1)/1>-* 12/1 ” + [ 


12/1 


12»-(12+2)/2»-14/4 
13»-(l3+3)/3*-l6/9 
141-.(14+4) /4>- \ili6= 19/6 
15*-(lS+5)/5»-2Q/,5-22S _ 

19*-(19+9) / 9 *- 2 $/,l- 36 l;andso<m. 


19+9 

19+9 


2B/#l-36l 
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And then, extending the same nile to numbers of two ot 
more digits, %ve proceed funher and say: 

9I*-82;St; 92»» 84 '64; 93*^86/49; 

94*-88y36; 95*- 90.25; 96*-92/16; 

97»-94 09 ; 98*-95.04: 99*-98/01; 

108*-JI5'64: 103*-106/09; 

989*-978/121; 988*-*976/144; 993*-986/049; 

S9* - 78^,21 ’ 1; 88*- 76/i44 = 77/44: 

9989**9978.0)21; 9984* -995''0256; 9993*-9986/0049. 

The Alst:br{iiccl Explanation for this is as follows; 

(aib)*- a*±2ab'j b* 

97* - < 100 - 3)* ! 0000 - 600-!'9 - 94.09; 

92* (100-b)* 10000-150a-f64 S4'&4; 

108*= (I00-r8)» 10000 M 600 I-64 116/64; and so On 

A Second Afe.cl^raieal ExplanaiiQ:t h as follosvi: 
a5-h*. (a«l to (a-h) 

.-.a* (a-!-b)(a-b) f-b* 

So, if we have lo obtain the sqiure of any number a, wc can 
add any number b to it, subtraei the s.tmc number b fran) it 
and multiply the two and hnaUy add the square of thut tmntber 
b (on the riglii hand side). Tlius, if 97 Ins to be squared, w« 
should select such a number b as will, by addition or by sub¬ 
traction, give us a number ending in a zero (or zeros) and llicre- 
by lighten the muhj-muhiplicaiien work. In ihc present case, if 
our b bc3, a-fbwll become 100 and a—b will become 94. 
Their product is 9400; and b* 9 /.97* =- 94/09. TJiis proves the 
corollary. 

Similarly. 92*- (92+8) (92-8)+64-84/64; 

93*. (934-7) (93-7)+49-86/49; 
9S8*-(9SS+l2)(988-l2)d-144 - 976/U4; 

108* ()0S^S)(l08-8)+64-U6;64;andsoon. 

r/ic Third Algobrijical Exphnatiort h based on the l/ikhilcrii 
Sutra and has been indicated already. 


91- 9 
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The f^lowing additional &am|4<-cxamplcs v^ill further $crv« 
lo cnlightcQ the student on this d^roUary: 


<]) l$» 

19+9 

19+9 

Or (2119* 

19-1 

19-1 

(3) 29* 

29+9 

29+9 

28/,1 

«36/l 

18/1 

x 2 

38/al 

X2 

-36/1 

-84/1 

Or (4) 29* 

29-1 

29-^1 

{5)49* 

49-1 

49-1 

Or (Q 49* 

49-1 

49-1 

28/1 

x3 

48/1 

X5/ 

2)48/01 

-24/01 

<-84/1 

-240/1 

(;)59« 

59+9 

59+9 

Or (8) 59* 

59+ 9 
59+ 9 

(8)41* 

41 + 1 

41 + 1 

^/•l 

x5 

2)68/81 

^ Ml 

42/1 

X4 

340/al-548/1 


-168/1 

Or (10) 41* 

41- 9 

41- 9 

(11) 989* 

989- 11 
989- n 

(12) 775* 

W.B. 100x8 

775-25 

77S— 

2)32 1 81 

.16/81 

- 978 /121 

750/a25 
x8 



-6006/25 


Ncie: Ali the cuscs dealt with hertinabove arc doubtless of 
numbers just a little below or just a little above a power of ten 
or of a multiple or $ub*niu]tiplc thereof This corollary is 
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spcciaHy iuKcd for the squariafi of such numbcfs. Scemlnjly 
more complex ami ••dimcdl” cases will be taken up in the next 
clwptcf rclminfi to \Uc Orelhra-Tiryak Suiru'. and slill 
“diniculi" will be explained in a still later chapter dealing whh 
ilic squaring, cubing etc., of brgger numbers. 


Ttit Second Corou^rv 


The second corollary is applicable only lo a special case under 
the first corollary, i.c. the squaring of number ending in S and 
other cognate numbers. Its wording is exactly the same a.s that 
of the Sutra which we used at the outset for the conversion of 
vulgar fractions into their recurring decimal equivalents, i.c. 

The Sutra now takes a totally difTcfcnl meaning 
and, in fact, relates lo a wholly different set-up and context. 

Its literal meaning is the same as before (i.c. *‘by one more 
than the previous one**); but it now relates to the squaring of 
numbers ending in 5, e.g. say. 15. Here, the last digit is 
5; and the** previous'* one is I. So, one more than that 1/5 
Is 2. Now, the Sutra in this context icifs us to multiply 2/25 

the previous digit I by one more than itself, i.c. by 2. '* 

So the left-hand side digit is I x2; and the right-fund 
aide ra the venical-multiplicaiion-product, i.e. 25 as 
usual. 

Thus 15>-1x2/25-2/25. 


Similariy, 25*- 2 X 3/25- 6/2$; 

35*-3x4/25-12/25; 

45*-4x5/25-20/25. 

55*= 5 x 6/25 - 30/25, 

6?*-6x7/25-42/25. 

75«-7x8/25- 56/25; 

8S*=8x9/25-72/25; 
95*-9xI0/25-90/:S; 

I05»= 10x11/25-110/25; 
115*"IlxI2/25- 132/25- 
125*= 156/25; 13S*=182/25; U 5 »_ 2 ln/ 25 - 

IsS 1®^’"”2/25: 17S»=306/25;’ 

I85«-342/25: 195*-380/25: and so on. 
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The AiKcbrcical Explanation H Quite «mple and follows 
way from the Suifo and sMI more «> from 

the ^Crdhya-Tiryah formula to be explained in the next chapter 


A sub-coroltery corcAl^ry (reUting to the squaring of 

f,umbers ending in 5) reads: {An^ayor^Daia- 

and icIKus that the above m!c is appUcabk not onl> to 
the '.Quaring of a number ending in 5 but also to the 
rion of two numbers whose last digits logcthcr total 10 and 

whose previous pan is cxaeiW the same. 

For example, if the numbers to be moHiplied are not 25 ana 
25 . but, say 27 and 23 whose last digits. i-C. 7 and 5 togelhct 
toianO and whose previous part is the sane namely 
ihcn the same ruk will apply, i.e. that the 2 should be muluphvd 

by 3 the next higher number. Thus wc have 6 as our left-hand 

p^^ of the a n swvr: a n d th e righ t -ha n d on c is. by vert j ca I inu iti • 
plication as usual. 

7 .'3 21. And so 27x23-6 21. 



Wc can proceed farlher on the same lines and s*ty; 
9t^x94.9Q;2A-.97 - 9J 90 21:9.^x93 •90'I6| 

99x9/"90.1)9: 37x33 -12-21; 79x7/ 56 09: 

lt^xn»5 -132 24:and soon. 

ThKsgb-cofoDarv Ksois based on the s.iiae MkliihOt Sutra; 
und harder examples thereof will more appropriately come 
under the formula of the ne.M chnpKr or the 

still later chapter on more difTiwlt squarings and cubings. 

Al this point, however, it may just be pointed oui that the 
above rule is capable of further application and come in handy, 
for ihc multiplication of numbers whose last digits in sets of 2, 
3 and so oh together loial 100.1000 etc. For example'— 

19/X10P-20;SI9 ) 

793x797-560'651 \ 

884x8l6-720'|344 721 344. ) 

A'.B.—Noic the added zero at the end of the left-hand-side of 
the answer. 
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The Third Corollary 

Th«n comes a Third CoroJIoiy to the Nik/ii/ant SiStrat which 
relates to a very special type of multiplication and which is not 
t^quenlly in re<)uisi(ion elsewhere but is often required in 
niaihcmatical astronomy etc. The wording of the $ub«^tra 
(corollary) {Ekanyunena Purvey) sounds as if it 

were the converse of the 5%rro. It actually is; and it 

relates to and provides for multiplications wherein the multi¬ 
plier-digits consist entirely of nines. It comes up under three 
different headings as follows; 

T»B First Case 


The annexed table of products produced by the single-digit 
multiplier 9 gives us the necessary clue to an understanding of 
the Sa/ra: 

observe that the lefl«hand-side is invariably 
9x 3 = 2 7 muJlipHcand and that the 

9x 4 = 3 6 >‘^Sltt*side-digit is merely the complement of the 

9x 5 = 4 5 ^l^*hand>side digit from 9. And this tells us what 

9x 6— 5 4 to do to get both the portions of the product, 

g—7 1 The word'Ffirvtf' in this context has another 
9 x 9^8 1 technico-terminological usage and simply means 

9x10=9 0 multiplicand** while the word Apara' 

_signifies the multiplier. 

The meaning of the sub-eoroJIaiy thus fits in smoothly into 
its context^ ue, that the multiplicand has to be decreased by 1; 
and as for the right'-hand^side, that is mechanically available by 
the subtraction of the left •hand-side ft'om 9 which is practically 
a direct application of the Nikhilam S&tra, 

As regards multiplicands and multipliers of 2 digits each, wc 
have the following table of products: 

J1 x99 - 10 89 -(11 - l)/99-(ll- J)- 1089 

12 x 99=11 88 ft K j 

13x99= 12 87 

14x99=13 86 

15x99=14 85 

16x99=15 84 

17x99=16 83 

18x99- 17 82 

19x99^- 18 81 

20x99= 19 80 
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And this table shows that the rule holds good here too. And 
by similar continued observation» we find that it is uniformly 
applicable to all cases, where the multiplicand and the mutijpliw 
consist of the same number of digits. In fact, it is a aimole 


7-3 

77-23 

979-021 

9-1 

99- 1 

999- 1 

6/3 

7d/23 

978/021 


We are thus able to apply the rule to all such cases and say, 
for example: 


777 

999 

9879 

1 9999 


1203579 

9999999 

770/223 

1 9878/0121 , 

1203578/8796421 

9765431 

9999999 



9765430/0234569 


1234S67808/8765432I9I 


Such multiplications involving multipliers of this special type 
come up in advanced astronomy etc.; and this sub-formula 
EkattyR/fena Purvey is of immense utility there. 


Tub Second Casb 

The second case falling under this category is one wherein the 
multiplicand consists of a smaller number of digits than the 
multiplier. Tliis. however, is easy enough to handle; and all that 
is necessary is to fill the blank (on the left) with the required 
number of zeroes and proceed exactly as before and then leave 
the zeroes out. Thus— 


7 

79 

798 1 

79 

99 

999 

99 999 

9999999 

06/93 

078/921 

00797/99202 

0000078/9999921 


THeTmRr> C^se 

(To be omitted during a first reading.) 

The third case coming under the heading is one where tlic 
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multiplier contains a smaller number of digits than the muitj 
plicand. CareiUI observation and study of the relevant table or 
products gives us the necessary clue and helps us to understand 
the correct application of the Sutra to this kind of examples. 


Column I Column 2 


11x9- 9 

9 ' 

21 X9^ 18 

9 

12x9- 10 

8 

22x9- 19 

8 

13x9-11 

7 

23x9-20 

7 

14x9-12 

6 

24x9*-21 

6 

15x9-13 

5 

25x9=22 

5 

16X9- 14 

4 

26x9 = 23 

4 

17x9=15 

3 

27x9 = 24 

3 

18x9- 16 

2 

28x9-25 

2 

19x9- 17 

1 

29x9=26 

1 

20x9-18 

0 

30X9 = 27 

0 


Column S 

37x9-33/3 
46x9-41/4 
53x9-49/5 
64 x 9 - 57/6 
73x9-65/7 
85x9-73/8 
91x9-81/9 
and so on. 


We note here that^ in the first column of products where the 
multiplicand starts with las its first digit the left-hand^side pan 
of the product is uniformly 2 leas than the multiplicand; that, in 
the second column where the multiplicand begins with 2, the 
left-hand'side part of the product is exactly 3 less; and that, in 
the third column of miscellaneous first-digits the difibrence bet¬ 
ween the multiplicand and the left-hand portion of the product 
is invariably one more than the excess portion to the extreme 
left of the multiplicand. 

The procedure applicable in this case is therefore evidently as 
follows; 


(i> Divide the multiplicand off by a vertical line—into a 
right-hand portion consisting of as many digits as the 
multiplier; and subtract from the multiplicand one more 
than the whole excess portion on the left. This gives us the 
left-hand-side portion of the product, 
or take the EkanyUna and subtract therefrom the previous i.e. 

the exccM portion on the left; and 
(if) Subiruct the right-hand-side part of the multiplicand b> 
the rule. This will give you the right-hund-sidc 

of the product. 
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The following examples will make the process clear: 


<1)43x9 

4:3-: 

:-5 :3 

(2)63x9 

6:3: 

:^7 : 3 

(3) 122x9 

12 :2: 
-1:3:2 

3:8:7 

5:6:7 

10 :9 :S 

<4) 112x99 

1 : 12 : 

2 :12 

(5) 11119x99 

111 : 19 : 

-1 : 12 : 19 

(Q 4599 x 99 

45 : 99 : 

:-46 :99 

I : 10 : 88 

no :07 :81 

45 ; 53 :01 

(7) 15639x99 

156 : 39 : 

-1 : 57 :39 

(8)25999x999 

25 :999 : 

:-26 : 999 

(9)777999x9999 

77 :7999 ; 

:-78 :7999 

154 : 82 :61 

25 : 973 : 001 

77 : 7921 :2001 

(10) 111011x99 
1110 r11 : 

-11 : 11 : 11 

(11) 1000001x99999 

10 : 00001 : 

: -11 :00001 

1099 : 00 : 89 

9 : 99990 : 99999 



1 n Ai 


Multiplication 


By Oudkva-Tiryak Sutra 

Having dealt in feirly sufficient detail with the application of 
its Nikhilam Suira V> spedal cas» of multiplication, we now 
proceed to deal with the {^'dhva Tiry^bhySm) 

5w//a which is the General Formula applicable to all cases of 
multiplication and will also be found very useful, later on, in the 
division of a large number by another large number. 

The formula ilsclfis very short and terse, consisting of only 
one compound word and means “vertically and cross-wise’*. 
The applications of this brief and terse Sutra are mamfold (a$ 

will be seen again and again, later on). First we take it up in its 
most elementary application namely, to Multiplication m 

general 

A simple example will suffice to clarify the modus operandi 
thereof. Suppose we have to multiply 12 by 13. 

(;) We multiply the left-hand-most 12 
digit 1 of the multiplicand 13 

caliy by the left-hand-most digit - 

1 of the multiplier, get their I t3+2 : 156 

product I and set it down as the - 

Icfl-hand-mosI part of the answer. 

(li) we then moUiply 1 and 3, and I and 2 cross-vtisf, add th® 
two. get 5 as the sum and set It down as ihc middle part of 

the answer; and j , a 

(Ui\ We multiply 2 and 3 vertically, get 6 as their product and 
put it down as the last the right-hand-most part of the 

answer. 

Thus 12x13-156. 
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A tew other examples may also be tested and wlJ be found to 
becorreet: 

16 (3) 21 

11 


(I) 


12 

11 


I : 1+2 ;2 
-J32 


( 2 ) 


1 : 1 + 6:6 
-176 


14 


2:8+1:4 
•»294 


(4) 23 

21 


(5) 41 

41 


4 : 2+6 : 3 
-483 


16 : 4+4 :1 
-1681 


A'a/e; Wlien one of the results coxxtains more than I digit, the 
right-hand-most digit thereof is to be put down there and the 
preceding, I.e. left.hand-side digit or digits should be carried 
over to the left and placed under the previous digit or digits of 
the upper row until sufficient practice has been achieved for 
this operation to be performed mentally. The digits carried over 
may be shown in the working (as illustrated below): 


(1)15 

(2)25 

(3) 32 

(4)35 

(5)37 

(6)49 

15 

25 

32 

35 

33 

49 

105 

405 

924 

905 

901 

1621 

12 

22 

1 

32 

32 

78 

225 

625 

1024 

I22S 

1221 

2401 


The Algebraical principle involved is as follows: 

Suppose we have to multiply (ax+b) by (cx+d). The product 
isac»*+x(8d+bc)+bd. In other words.lhe first term, i.e. the 
coefficient of is got by vertical multiplication of o and e: the 
middle term, i.e. the coefficient of x is obtained by the cross-wise 
muHiplicaiion of c and d and of 6 and c and the addition of the 
two products; and the independent term is arrived at by vertical 
multiplication of the absolute terms. And. as all arithmetical 
numbers are merely algebraic expressions in x (with x- 10), the 
algebraic principle explained above Is readily applicable lo 
arithmetical numbers too. Now, if our multiplicand and multi* 
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pliCT be ^ 3 digits cach» ft merely means lhal we are multiplyiog 
(a3t*+bK+c) by <dx*+ex+f) (where x -10): 

ax^+bc+e 

dxt-Kx-i-f 

adx*+x> (ae+bd)+x> (af+be+od)+x (bf+«)+cf 

We observe here the following facts: 

(0 that the coefficient of x* is got by the vertical muliiplicatioo 
of the first digit from the left side; 

(jV) that the coefficient of x* « got by the crose*wi« multipli¬ 
cation of the firet two digits and by the addition of the 

two products; 

(/li) that the coefficient of x’is obtained by the multiplication 
of the first digit of the multiplicand by the last digit of the 
multiplier, of the middle one by the middle one and of the 
last one by the first one and by the addition of all the three 
products; 

<iv) that the coefficient of x is obtained by the cross-wise 
multiplication of the second di^ by the third one and 
conversely and by the addition of the two products; and 
(v) that the independent term lesuhs fiom the vertical multi- 
t^icatjon of the last digit by the last digit. 

We thus follow a process of ascent and of descent going for¬ 
ward wfth the digits oo the upper row and coming rearward 
with the digits on the lower TOW. ]f and when this principle of 
ordinary Algebraic multiplication is properly understood and 
carefully applied to the Arithmetical muhipllcation on hand 
(where x stands for ICQ, the Ordkva Tiryck Suira may be deem¬ 
ed to have been successfully mor/ered in actual practice. 

A few illustrations will serve to explain this Ordhva’Tirj^ 
process of vertical and cross«wise multiplicatioas: 


(J) HI a) (3) 109 

HI 108 111 


12321 10 dO 4 II 099 

I 6 1 


11 66 4 


12 099 
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<♦> 

11$ 

(5) 

116 

(S) S82 


114 


116 

231 


121 0 4 


12 32 6 

10 1 3 42 


U 2 ‘ 


1 13 

3 3 1 


132 2 4 


13 45 6 

13 4 4 42 

(7) 

532 


785 

m 321 


472 


362 

52 


20 7 9 04 


21 6 7 6 0 

0 5 692 


4 3 2 


6 7 4 1 

1 1 


25 1 1 04 


28 4 1 7 0 

1 6 692 

m 

795 

(11) 

1021 

(12) 621 


362 


2103 

547 


21 9 3 8 0 


2147163 

30 4 5 87 


6 8 4 1 



3 5 1 


28 7 7 9 0 



33 9 6 87 

(13) 

6471 


(14) 8 7 2 6 5 


$212 


3 2 11 

7 


36 6 6 6 752 


2478727575 


3 5 3 1 1 


32396243 


40 1 9 7 852 


2802690005 


It need bardly be mentioned that we can carry out (his 
Ordhvo-Tiryak process of multipJicaCjOQ from left to right or 
from right to left as we prefer. The only diflhrencc will be that, 
in the former case» two-line mnitipjicacion will be necessary at 
least mentally while. In the latt^ ease, one line multipUcation 
will suifice, but careful practice | is necessary. 

Owing to their relevancy tp this context, a few Algebraic 
examples of the Ordkfa-Tlryak typ6 are being given. 


(l)«+b 

a4-9b 


Mt/lstjfticatlon 
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a*+10ab+9b* 

(2)a+3b 
5ft-f 7b 


5ftH224b+2lb« 

i^) 3x«+5x+7 
4 x>+7x+6 


l2x*+4U»+81x»+79x+42 

(4) *®+3x<+5xH3x*+x+I 
7xH5x*+3x»+x»+3ji+5 

W+2Cx'+53x*+36x’+43x*+4(hi+4 J x«4-38x8+19xH S* 

Note: If ftjid when a power of x is absent, it should be given a 
zero coefficient 5 and the work should be proceeded with exactly 
85 before. For example, for (7x*+5x+l)(3xHx»-r3), we work 
aa follows: 

7x«+0+5x+l 

3x>+x*+0+3 


2lx*4-7x*4'l5x<+29je+x*+15x+3 


*nc Use op the Viwjuwh 

It may, in general, be stated that multiplications by digits 
higher than 5 may some times be facilitated by the use of the 
vinculum. The foOowing example will illustrate this: 


576 

0ri2}m 

214 

214 

109944 

122426 

1332 

in 

123264 

123264 


But the vinculum process is 
one which the student must 
carefully practise, before 
he resorts to it and relies on it. 
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MiscELLANBOits Examples 

There being so maay methods of multipbcation one of them 
the being perfectly general and therefbre appli. 

cable to all cases and the othen the Nlkhilarh, the ydva.fi3rtaw 
etc. being of use in certain special cases only, it is for the student 
to think of and weigh all the possible aJtemative processes avail- 
able» make up his mind as to the simplest method in each parti* 
cular case and apply the formula prescribed therefor. 

We now conclude this chapter with a number of miscellaneous 
examples and with our own “running comments** thereon giving 
the studenU the necessary experience for making the best possi¬ 
ble selection from amongst the various alternative methods in 
question: 

(I) 73x37 

(0 By Ordhva-Tiryak rulc» 73 

37 

2181 

S2 


=2701 

or (ii) by the same method but with 1 3 3 

the use of the vinculum. 0 4 3 


0 4 8 19 
I 2 

Evidently»the former is better. 2 7 0 1 

(2) 94x81 

ii)^y Ordhva-Tiryok, 94 Or (11)114 

81 131 


7214=7614 I3794»76]4 

4 - - 


(iV) By ibid (with the 
use of the Vinculum) 

Evidently the former is better: but 
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(iH) The Nitshilah Method is still better: 


81-19 
94- 6 


(3) 123X89 
(0 123 
089 


08527 

242 


»10947 


Oriiiy 123 

in 


11088 

-10947 


75/,l4r 7614 

Or (Hi) 125+23 
89-113 


112/SS3 


110/83 «109/47 


652x43 

(0 632 
043 


04836 

232 

28036 


(/i) The Vinculum method is niani/estly 
oimbrous in this case and need not 
be woriced out. 

(1382 

X0O43) 


(iii) The Nikhiiarh method may be used and will be quite 
easy; but we will have to lahe a multiple of 43 which will bring 
it very near 1000. Such a multiple is 43 x 23« 989; 
and we can work wdth it and finally 652 - 348 

divide the whole thi ng out by 23. 989 - 011 

Tlijs gives us the same answer (28/036). _ 

641/,828 
23) 644828 


28036 

Therefore, the Ordhva (general) process is obviously the best 
in this case. 


(5) 123x112 
(0 123 
112 


13776 


. 13776 


(H) As all the digits 
are within 5> the 
Vinculum method 
manifestly out 
of place. 


(Nikhihih) 
(m 123+23 
112+12 


135 /,76 
137/76 


Both the first and the third muhods seem equally good. 
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(«) 

99x99 

(/O WO 

99-1 (/^r) 

The YSmlunarn 
method 1$ also 
quite appropriate 
and easy 


« « 

lOT 

99-1 


lOSOl 

= 98/01 


8121 

168 

• 9801 appropriate 

99*-98/0l 


-9801 




(7) 

246 

(8) 222 

(9) 642 

(10) 321 


131 

143 

131 

213 


20026 

20646 

62002 

67373 


122 

111 

221 

I 


-32226 

= 31746 

-84102 

=68373 


In all these 4 cases Nos. 7—10» the General formula fits In 
at once. 


(]]) 889x896 

(0 889 Or {to HIT Or (Hi) 889- 111 1 

898 im 898-102 


646852 IJCS322 787/u322 

13047 
21 

- •798322 - 798/322 

-798322 


•iii+n 

i02+ 2 


113/22 


Note'. Herein method, the vertical multiplication 

of 111 and 102 is also performed in the same manner (as shown 
in the * marked margin). 


<U) (i) 576 

Or (ii) Vinculum 

x328 

method 


inapprO' 

151288 

priaie 

3764 


- 188928 



Or (Hi) 

576 - 424 N.B. 984 being 
984— 16 3 x 328, we 

^— have made 

3)560/,784 use of it 

— - and llwm 

- 188/928 divided out 

by 3. 
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(13) 317x332 

(i) 817 O (//) Vinculum Or{m) 


332 

247034 

2421 

-271244 


meUiod may 
also b« used. 


332 x 3 - 996 

317-183 

996-4 


3)813/732 

-271/244 


<1^ 989x989 
(0 989 
989 


814641 

14248 

21 


-978121 


Or (ri) Or (///) 

VlDcnliun meUiod 9^- 11 
also useful 989- 11 

ion - 

ion -978/121 


Or (iv> yaw- 

989*-978/ 
121. This a 
the beat. 


imiii 
-978 /121 


<I5) 8989x8898 

(0 8989 

8898 


64681632 

1308147 

2221 


-79984122 


Or(U) 

1 T 0 1 I 
1 I I 0 2 


1 S 00 S 4 1 2 2 


-79984122 

•1011+ n 
1102+102 


1113/tl22 
-1114/122 


Or (Hi) 

8989-1011 

8898-llca 

7887 / 4122* 
111 / 

7998/4122 


<16) 213x213 
(0 213 

213 

44Jri9 

1 

Or(ri) <9r(t£0 213+13 

VioculUJD 213+13 

N.B. The di¬ 
gits being 
isn&ll llic 

mcuiuu iisM 

suitable^ 

226/j69 
xll 

general 
formula is 
always 
best. 


452 /,69 
-453 / 69 

-4S369 
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PRACrtCAL APPLICATION 

rK 

"COMPOUND MULTIPLICATION” 


A. SQUARf Measure, Cubic Measure 

This is not a separate subject, all by itself. But it is ohen or 
practical interest and importance^ even to lay people and 
deserves our attention on that score. We therefore deal with it 

briefly. 


Areas op Rectakoles 


Suppose we have to know the area of a rectangular piece of 
land whose length and breadth are TV and 5T1" respectively. 

According to the conventional method, we put both these 
measurements into uniform shape either as inches or as vulgar 
flactioos of feet—preferably the latter and soy: 


Arca^ 


91 71 6532 

17* 12" 144 " 


36) 1633(45$q.fl. 
144 


193 

180 


13 

xl44 


36) 1872 (52 sq. in. 
180 


1633 

36 


SArea »• 45 sq. ft. 32 sq. i n. 


72 

72 


In the Vedic method, however, wc make use of the Algcbrui* 
cal muliiplkation and the A<lyam Sutra and say: 

Spliiiing the middle term (by dividing by 12). WC gel 9 and 9 
as Qand R. 
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/Ji-35s«+(9xl2+9)x+S8 

.44x‘+(9xl2)+88 

.^44 sq. A. + I96sq. In. 

-45 sq. ft.*h52 sq.in. 

And the whole work can be done menially: 

(2) Similarly r 7'1-15xHd5x+70 

x5n0'J*2Cta*+(5xl2)+?0 

-20sq. A.+I30sq. in. 

and{3)7x+in=35x*+inx-f-88 

x5x+8 I -44 sq. A. 4-124 sq. In. 

VOLUf4ES OP PARALltLPPtPEDS 

We can extend the same method to sums relating to 3 dimen¬ 
sions also. Suppose we have to find the volume of a parallele¬ 
piped whose dimensions arc 3'7*. 5'10* and 7'2'. 

By the customary method, we will say: 

43 70 $d (with all the big multiplications and 

C.C = 12 ^ 12 ^ 12 divisions involved). Vedic 

process, we have: 

3x+7 )-20xH 10x4-10 
5x+l0; 7x40_ 

140x>4-11 Ox*+90x4-20 
= 149x»4-9x*4-7x+S 
»149 cub. ft and 1388 cub. in. 

Thus, even in these small computations, the customary 

method seems to have a natural or ingrained bias in favour of 

needlessly big multiplications, divisious, vulgar fractions etc,, 
for their own sake. The Vedic SStras, however, help us to 
avoid these and make the work a pleasure and not an infection. 
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PRACTICE AND PROPORTION 
IN 

COMPOUND MULOTUCATION 

Tbe same jivocediire under the (Ordhva-Tiryttk 

SStta) is readily appUcable to most questions wniclt come under 
tlie headings '^Simple Practice" and ^‘Compound Practice*', 
whereio '^ALIQUOT” parts are taken and many steps of work¬ 
ing are resorted to under (be current system but wherein 
acconUng to the Vedic method, ali of it is mental Arithmetic. 
For example, suppose the question is: 

*<in a certain investment, each rapee invested brings Rupees 
two and five annas to the investor. How much will an outlay of 
Rs. 4 and annas nine therein yield?" 


Tm FiRCT CoKVEynoKAt. Metuod 
{By Meats <tf A liquot Parts) 


For One Rupee 

For 4 Rupees 
8 As. - ) of Re. 1 
1 a-i of 8 As. 

Total 

for Rs. 4 and 
annas 9 


Rs. As. Ps. 
2-3-0 

9- 4-0 
1 - 2-6 
0-2-3t 

10 - 8—91 


Second Cutuwrr Mbhiod 
{Ify Si/T^e Pr^onion) 

IU.2-5-0-fi; 

and Rs. 4-9-0-Rs. 
vOoRe. 1. tbeyie(di$Rs. f} 

.‘.On Rs. 1}. the yield is Rs. f} x Rs. 

256) 2701 (10-8-91 
256 

141 

Xl6 



Multiplieathn 


SI 


25^ 204S ( 8 
2304 

208 

Xl2 

256) 2496 ( 9 
2304 


192 



By IBB Vedic On&linb Abtikid 

2x + 5 
4x + 9 

$xV38x/4S 

Splitting tbfi middle term (or simple division from right to 

left): 

10iiHet+2H 
» Rs. 10 and Sif anoas 

A few more instances may be taken : 

(1) Rs.2/5xRi.2/5 
2-5 
2-5 

4/20/25 - Rs. 5/5iV 

<2) Rs.4/9xlU. 4/9 
4-9 
4-9 

16/72/81 = Rs. 20/lM* 

<3) Rs. l^xRs. 16/9 
16-9 
16-9 

256/288/8J . Rs. 274/ annas 5iV 
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(4) lU.4/13xRs.4/13 


(0 By the currenc 'Practice’ method 



Re.—As. 

For Re. 1 

4-13 

Forib.4 

19- 4 

8 annaa-^ of Re. 1 

2- 

dainias-^ of 8 As. 

1- 3i 

1 a-^of4 aonas 

0-4H 


Total 23-2*' 


(W) By the current 'Proportioa* method 

Rs.4/I3«Re. ^ 

. 77 T7 5929 
14“ W 
25^ 5929 (23- 2* 

512 

S09 

748 

4t 

Xl4 

25Q 456 (2 
512 

144 

-9/16 

256 

(/tf) By the on-line Vedic method 

4-13 

4-13 

16/104/169 - Rs-23/2* annos 

MB. Questiooj relating to paviog, carpeting, ornamenting eic., 
whkh am under the cuirenl system usually dealt with by the 
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*Praotjee' methctd or by the ^Proportioo' process cao all be readily 
asaweitd by the Ordhva Tiryak method. 

For example, suppose the question it: 

At tberateofTatmas 9 ^ee perfoot, what will be the cost 
for S yards 1 foot 3 inches? 

25-3 

7-9 

175/246/27 
• 195 annas 8^ pies 
- Rs. 12/3/8} 
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Division 


By Tit?. NiKiiiu»i MmioD 


Having dealt wilhMulliplicaiion at fairly considerable lenglli, 
wc now go onto Division; and there we start wilb the mhUvH 
method which is a special one. 

Suppose wc have to divide a number of dividends (of two 
digits each) successively by the same Divisor 9 we make a chart 
therefor as follows: 


(1) 

9) lA 

n 

(2) 

?) 2/1 
li 

(3) 

9) J/J 
/3 


i/3 


2/3 


3/6 

W) 

9) 4/0 
/4 

(5) 

9) 5/2 

IS 

(6) 

9) 6/1 
16 


IjA 


sn 


6/7 

(7) 

9) 7/0 

n 

(8) 

9) 8/0 
/8 




7/7 


8/8 




Let m first split each dividerd into a 
quotient and a right-hand part for the remaindcranddiv.de 

them by a vertical line. ^ nf 

In all these particular cases, we observe that . 

the dividend becomes the quotient and the sum of the t * 
becomes the remainder. This means that we can " 

Ukc the first digit down for the _,!^er. 

adding the quotient to the second dipt, we can gel the 


VrtUf 


wc Jat;c as, dlvidciuh. nKallwf rcI of bicker nmiibCTs of 3 
difiils each and make a chat I of diem as follows; 


9) 

10/3 

U) 

9) tl/3 

(3) 

9) 

12/4 

2IL 


U2 



1/3 


11/4 


12/5 



13/7 

9) 

i($;o 

(5) 

9) 21/1 

(5) 

9) 

31/1 


1/7 


2/3 



3/4 


17/7 


23/4 



34/5 


In these COSO, we oole that thJ remainder and the sum of the 
digits are still the same and that, by taking the first digit of tJie 
dividend down mcchanicaKy and adding it to the second digit 
of the dividend, we get the seco&d digit of the quotient and that 
by adding it to the third digit of the dividend, we obtain the 
remainder. 

And then, by extending this procedure to still bigger numbers 
(eonsisting of still more digits) ne are able to get the quotient 
and remainder correctly. For example. 


(I) 

9) 1203/1 
133/6 

a) 

9) 1230/1 
136/6 

(3) 

9) 120Q2I/2 
13335/6 


1336/7 


1366/7 


1333S6/8 

And 

, thercaAer, we take a few more cases as follows: 

(1) 

9) 1/8 

n 

(2) 

9) 22/5 

2/4 

(3) 

9) 13/6 
1/4 


1/9 


24/9 


14/10 

(-I) 

9) 23/7 

2/5 






25/J2 

But in all these cases, wc find that the remainder is the same 
as or greater than the divisor. As this is not permissible, we re« 
divide the remainder by 9, carry the quotient over to the quotient 




frV 


column nml rclnm Ihc riiml icnmimlcr In )tK tcninUnWr coUuutu 
folio w-c 


(1) l/« 

/I 

<2) *>) 22/5 

2/4 

(3) 9) Lt/C 

1/4 

1/9’ 

24/?' 

"m/io 

2/0 

25/0 

15/1 

<*> ^ 



25/12 



2d/3 



We also notice (hat, when (lie rcmaimicr Is greater than the 
divisor, we c:tn do (he consequent ilfKil divinron by (he i»'irnc 
method, us follow!: 

(1) 9) 13/C 

1/4 

(2) 9) 23/7 

2/5 

(3) P) 101(64/0 
11239/13 

14/1/1) 

/I 

23/1/2 

/I 

1123913/2/2 

P 

1/1 

1/3 

2/4 

15/ 1 

2C/ 3 

112405 /4 

We next take up the next lower numbers 8,7 etc. as our diviwro 

and Role (he results, ns follows: 


(1) K) 2/3 

(2) 7) 1/2 

(3) Q 1/1 

40 4 

/•* 

ft 

1* 

2/7 

1/5 

'l/5' 


Here we observe flul, on taMn£ (he frnt digil of iJie dividcruJ 
down mcchrtmciilly, we do not tftl (he remainder by oddinc tliat 
digit of tiic quotren( (0 die scconJ digi( of ihc dividend bul have 
loaddtoittwfccjhricc of 4 times the quoUciil-dl^l already 
taken down. In other word^. we have to muHipJy the quotient' 
digit by 2 in Ihc Case of 8, by 3 in the ease of 7, by 4 in (he ca« 
ofdandfioon. And this again means tfut we iiavc to mullipiy 
the quoticnt-digil by the divisor*! complement from 10. 
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And ihi<i tJi.'ir ilic NlkMI»fn rnk a)K>ul tlie ^uU/nction 

of iilMroiii *) nii.l ni rlic UMJVnm JO a( work; and, to m^tkc 
of ji. Nvv liy vvitU division^ n% foliow.s: 


(1) m \/U (2) 73) 1/M (3) m) 1/234 

M /II 2V' /27 "Hz /nZ 


1/22 

1/38 

1/346 

(•») 

(5) 

{6) 

r/23‘15 

7999) 1/2345 

8897) 1/2345 

IM 2 /Ilia 

2001 /200E 

1103 /1103 

1/3457 

1/4346 

1/3448 

(7) 

(8) 

(9) 

m7) I/I203 

7989) 1^102 

S99997) 1/010101 

1103 /1103 

201 J / 2 on 

100063 “ /100003 

1/2305 

1/2113 

1/110104 

(10) 

(11) 

(12) 

89) M/H 

89) 100/13 

888) 12/345 

M l/J 

11 11/ 

112 1/12 

“/S 

1/1 

/336 

15/43 

122 

il2/4s 

13/801 

(*3) 

(14) 

(15) 

8997) 21/0012 

8998) 30/0000 

888$) 10/1020 

lOoT 2/006 

■J002‘ 3/006 

UiT I/II2 

/3009 

/3006 

/IU2 

23/3081 

33/3066 

11/3252 

06) 

(17) 

(18) 

8987) 20/0165 

899) 10/102 

$9998) 20/02002 

1013 2/026 

loi I/Ol 

10002* 2/0004 

/2Q26 

/lOl 

/20004 

22/2451 

11/213 

22/22046 
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(19) 

5W‘) 

jf-.T) 

lO/lolOl 
J;0003 
/10003 

(20) 

89997) 

ruoo 5 

12/34557 

1/0003 

/30009 

(21) 

98987) 

01013 

10/30007 

0/1013 

/ooooo 


11/20134 


13/54506 


10/40137 

99979) 

ouoTi 

in/iiiii 

00/021 

0/0021 

/00021 

(23) 

88) 

l2 

110/01 

12/ 

2/4 

/48 




111/13442 


124/89 

-125/1 




In all the above exajnple$» we hive deliberately taken as divi* 
sors, numbers contairting brg digits. The reason therefor is as 
follow’s: 

(0 It 15 in such division that the student finds his chief diffi- 
cuity, because he has to multiply long big numbers by the 
‘‘trial** digit of the i^uotieat at every step and subtract that 
result from each dividend at each step; but. ia our method 
of the formula, the bigger the digits, the smaller 

wtU be the required complement from 9 or 10 as the case 
may be; and the multiplication-task is lightened thereby. 

{it) There is no subtraction to be done at all 1 

(//O And, even as regards the multiplication, we have no rnulti- 
plication of numbers by numbers as such but only of a single 
digilftyasingledigit, with Ihc pleasant consequence that, 
at no stage, is a student called upon to multiply more than 
9 by more than 9. In other words, 9 x 9 - 81 . is the utmost 
multiplication he has to perform. 

A single sample example will suffice to prove this: 

(24) 9819) 2 01 37 

Olgl 02i62 

? 04 99 

la rho TS».^rlllr( t.m und 2 iS WfilieU tloWfl 


Vt'iiic Mathematlcx 


(kl 

iK |>ro|K‘r pl.icc. ns 16 willi no •‘cirryinc” over to iho left 

iWh 

'Hms, iti oiir ••itivWon” process by the NrA/rf/mft fofmula^i^ 
jH rfiuin only mhuJ^ fjngic^dicjt muIiipUcaiiona; we donos^tj. 

I raeJion anil im division sii aJI; and yet \vc readily obtain the re. 
ituiroil ijuciIumU and llic fc<]U!fed remainder. In fact, we have 

acii^niplisJicd oiif division-work in fuU, without actually dojn^ 
.niiy division at all! 

As for divisors consisting of small digits, another simple 
miil.i will serve our purpose and is to be dealt wth in the new 
ciiaptcf. Just at prc.scnt we deal only with big divisors and ex. 
plain how simple and easy stch difScuIt divisions can be made 
witli tile aid of the ^ik/d437rt SHtra. 

And herein, we lake up a few more illustrative examples rcUi. 
ing to the cases already referred to wherein the remainder«. 
cccds the divisor and explain the process, by which this difficulty 
can be easily surmounted by further application of the same 
Nikhitcrh method: 

(25) SS) 1 98 

li 12 

1 no 

The remainder here 110 being greater than the divisor 88 we 
liave to divide 110 by 88 and get the quotient and the final re¬ 
mainder and carry the former over and add it to the quotient 
already obtained. Thus, we say: 

88) I 10 

12 12 

i n 

so, we add the newly obtained 1 to the previously obtained 1 aud 
put down 2 as the quotient and 22 as the remainder. 

This double process can be combined into one as follows: 

88) 1 98 

12 12 

1 I/IO 






A ffv no re iJjc'.tnrioni will Krv'e to fc?Jp the stcdest in p?sc- 


•PC method: 




<24; imi) 12 

94547 

(27J 97) 

1 9S 

ir//;S 1 

CM2 


03 


ZV/J9 


1 1 01 

1 “ 

1 24m 


03 


10003 


T. 

14 

34509 




(2i} mi9) HI 99171 

t?7Sr W 021 

0 0021 

00021 


Ill 1 

01502 

U0U21 

112 

01523 


ThuSj even the whole lengthy operation of division of 11199171 
by 97979 involves no division anii no sobtractron and consists of 
a few mulliplieatiojis of single digits by »‘ngle digits and a little 
addition of an equally easy character. 

Yes, this is all good enough so far as It goes; bnt. it provides 
only for a particular type namely, of divisions involnng large- 
digit numbers. Can it help os in other drdsions. I.e. those which 
involve small-digit divisors? 

The answer is a candidly emphstic and unequivocal No. An 
actual sample specimen wfll pio>e this: 

Suppose wc have to divide 1011 hy 23. By the 
method, the working will be as folfows; 

(29) 23) 10 1 I 

~ff 7 7 

4 9 4 9 


17 


6 


2 

42 


0 

42 



^2 
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:s 

4 

8 

28 

> 

28 

27 

i 

9 

0 



21 

21 

SO 

3 

2 

1 



21 

21 

33 


5 

2 



14 

!4 

35 


0 

6 



14 

U 

37 

I 

6 

0 



7 

7 

38 

1 

3 

7 



7 

7 

29 

J 

I 

4 

4 


~Z^'~ 

2 

43 


2 

2 


(4 times the divisor) 


TdsisraamfesUyDotonly loo loo* and cumbrous but much 
core so than the current system which. In this particnUr case, is 
irdi^irtably shorter and easier 
In such a case, we can use a multiple of the divisor and finally 
cnJapIy asaia by the Anurvpyc rule. Thus, 


(SO) 23x4=^ 10 11 

OS 0 S 


X 

91 

40 



22 


ie fir S r •* and this is a suitabh 

7W ”'T (.Pcmyartya) method 

Tb<s Ate proceed to explain in the next chapter. 
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Division 


By iHE Paravartya Method 

^Vc have thus found that, although admirably suited for appil* 
cal Ion in the special or particular cases wherein the divisoT'di^ts 
are big ones, yet the Nikhifarii method does not help us in other 
cases namely, those wherein the divisor consists of small digits. 
The last example with 23 as divisor at the end of the last chapter 
has made this perfectly clear. Hence the need for a formula 
which will cover other cases. And this is found provided for in 
the Parar/irtyfi SQtra, which rs a specinl*cajte formula, which 

reads Ycjayet'* and which means “Transpose and 

apply". 

The well-known rule relating to transposition enjoins invari¬ 
able change of sign with every changoofside. Thus + becomes— 
and conversely; and x becomes -r and conversely. In the current 
system, this (aw is known but only in its application to the trans¬ 
position of terms from left to right and conversely and from 
numerator to denominator and conversely in connection with 
the solution of equations, the proving of Identities etc., and also 
with regard to the Remainder Theorem, Horner's process of 
Synthetic Division etc. According to the Vedic system, however, 
it has a number of applications, one of which is discussed in the 
present chapter. 

At this point, we may make a reference to the Remainder 
Theorem and Horner's process and then pass on to the other 
most interesting applications of tht ParCmrtya Sutra, 

The Rlmainmr Theorem 

Wc may begin this port of l(ic exposition with a simple prqof 
of the Remainder Theorem, as fo(loss’s: 
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ir E, D, Q and R be ll» dividend, lUc divisor. Ihe quotient an^ 
the remainder in a case or division and if the divisor is (x-pj 
wc may pul this rebiionsliip down aTscbfjJcally as follows: 

E-D. Q+Ri.e. E^.Q (x-p)H-R. 

And if we put x - p, k-p becomes «ro; and the idcnlily 
the shape, E-^R. In other words, the c'vcn expression E itself 
(with p substituted for x) will be the remainder. 

Thus, the ^ven expression E(i.c. the di>idcnd Itself) (with p 

substituted for x) automatically becomes the remainder. And p 
IB automatically available b) putting x-p-0, l.c. by merely 
reversing the sign of—p which i$ the absolute term In the blno> 
mial divisor. In general terms, tliis means that, if E be ax*4. 
bxn-‘+cx«“>+dx*-*etc. and if D be x-p, the remainder is 
8 po+bp»-‘+cp*“*+dp*“* and so on (i.c. E with p substituted 
for x). This (S the Remainder Theorem. 

Horner's process of Synthetic Division carries this still further 
aad tells us the quotient too. It is, however, only a very souU 
portof the formula which goes much farther and is 

capable of numerous applications in other directions also. 

Now, suppose we have to divide 
<12x*-8x-32)by(x-2). x-2 l2x*-8x-32 

T” 24+32 

TSI+li cT 


We pul X“2 (the divisor) down on the left (as usual); just below 
it,wBputdownihe-2wiih its sign changed; and we do ths 
muliiplication work exactly as we did in the previous chapter. 

A few more atgebraic examples may also be taken: 


(I) Divide7x»+5x+3byx-l 


x-l 7x*+5x + 3 
■T 7 +1J 

*7x+12 IT 


The quotient is 7x+12; and the remainder is 15. 
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x-i 


X«-X‘+’X 

+3 

3+6 

39 

x>+2x+k3 

42 

x«-3x*+10x 

~ 

5 +10 

100 

xa+2x+20 

+93 


MX this stage, the studeat sbouJd practUe the whole ptocew as 

a mental exercise in respect of biaomial divisors at any rale- 

For example, ^th regard fothedivisioo of(I2x»-8x-32)by 

tbe binomial (x-2), one should be able to say: 

12x*-8x-32 ,, 

-- 12x+16; and 11*0 


The procedure is as follows; 

(0 «the first coefficient in the quotient; and we 

pul it down; 

(11) multiply 12 by-2. reverse the sign and add to the next 
coefficient on the top (numerator). Thus l2x-2--24, 
reversed, it is 24. Add-8 and obtain 16 as the next coeffi¬ 
cient of the quotient. 

(IfO multiply 16 by~2; reverse the sign and add to the next co¬ 
efficient on top. Thus 16k •>2*-32; reversed, it is 32; add 
- 32 and obtain 0 as the remainder. 


Similarly. (I) 

a) 

(3) 

(4) 


^!^-Q-7x+ 12; and 11*15 


2i!±5^.*.Q*7x-2;andR 5 
x»+7x»+6xt l ;.Q.xH9x+24:andR-53 
.•.Q*x»+2x+U;andR 42 


(5 ) /,Q. x«j.2x f.20;and R 93 

This direct nnd straight application of the FarA~ 
YoriyaSGira should be so well practised as to 
become very simple mental arithmetic. And the 
student should be able to s;iy at once: 




mi <D *«■*■; .•.g«j^-f^4l]ft4^ 

Mift-acp. 

(iMcc« 10 Iti* mm ti Smm wnia^ 
lns,wih»«M rdtowttoflfM mrthtmLhM rttoiM ^ ^ 
ora U mmrm tke^pmtd^ot^kmii^aM^^lktt^mwt 
CKVifiteM. 


0) +I«+S 

l4i 14-1 

• 40 

_ 14 a 

1^4 043 4SM-T /.gran's; tfel It-S i4T 

a «iH*rV430i* 4ni4 05 

74f IS m 

» 42» 

isofui; 

4S4|i4im 

S4te4l2a 

fflaH-l l■•>5t»40 -li-a 
CT 0-S 


0 4S 

04 a 


JlWr cka leio 1* < 
1W «fo X arafilf 


2 *3 *1 0 40 .%Q-l»*-5k-Siyft«l 





4lK-l 
• 1 

-1 4-1 

1 •! 

P 4-0 

t£ 


-4 

-S 


-ID SD 

^ 43 

04-0 
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<® .-r' "‘"-f 


-7x*+0+0 

+3 

-2 +3 

0 +0+0 


J + l+0 -6 +3+9 


Mole Ihc zero 
x^and the 
zero xcarc- 
fuUy. 


.‘.Q-x»+x;a.i<JR- -6x*+3x+9 


x^+O+x* +0+1 i^ote the zero X’and zero 
'' 1-1 Xcarefully. 

I -1 

1-1 

1 + 1+1 "pTo .•.Q-x»+x+l;aftdR-0 

^ j.j_2x*+l -2 x*-7x*+23i» +18x*-3x- 8 Note tht 

2+0-r -4+0 +2 zeroxirt 

.22 +0 +11 the divisor 

.40 + 0+20 carefully. 

~'~2 -II ^26 .20 + 8+12 

/,Q- .2x»-lU-20;4ndR- -20x*+8x + 12 

In ail the above cases, the first coefficient in the divisor happen* 
<d to be I; and therefore there vas no risk of fractional coeffi¬ 
cients coming in. But what about the cases wherein, the first 
coefiicicnt not being unity, fractions will have to be reckoned 
with? 

The answer is that all the work may be done as before, with a 
simple addition to the effect that every coefficient in the answer 
must be divided by the first coefficient of the disisor. 

Thus, 2x-4 -4x»-7x2+9x -12 
4 -8 -30 -42 

-2 -15/2-21,^-54 
Q - - 2x«- 7ix - lOJ; and R - - 54 
This, however, means a halving of each coefficient (at every 
*fap); and this is not only more cumbrous but also likely to lead 
<0 confusion, reduplication etc. 

The better method therefore would be to divide the divisor 
itself at the very outset by its first coefficient, complete the 
''irking and divide it all ugaln, once for alia! the end. Thus I 
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2x-4 -4x3- 7x*+ 9x -*2 7^.^.-Note ihat 
X-.2 - 8 - 30 -42 Tl always fcmalns 

-- --- cooftant. 

2 2) -4 -15 - 21 -54 

-2 -7i - 21/2-54 

Two more illustrative examples may be taken: 

(1) 3) 3x-7 3x»-x - 5 

x-21 7 +14 

2j 3) 3x+6 9 .\Q-x+2iatid1^-9 

x+2 9 

(2) 2)2x»-3x+l 2x*-9xH5j;*+16x* -16x+36 

x*-lix+i 3 -1 

fT^T -9+3 

- 7t +2J 

2)2 -6 -5 +IH l7J-5J~ 

I -3 -2t+S| 15/4+30i 

.•.Q-x*-3x*-2}x+5i; andR-3|x+30l 
A/.B .: Note that R is constant in every case. 

ARtTHMETlCAL ApPUCATIONS (MISCELLANEOUS) 

Wc shall now take up a number of arithmetical applications 
and get a clue as to the utility and jurisdiction of the NikhiM 
fomula and why and where we have to appiy the Par afar 
Sutra. 

(1) Divide 1234 by 112 
112 I 234 

8S8 888 

1 1 122 


2 


I 


122 
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BuUhis‘5 too cumbrous. The Par Avar lya formula will be 
oiofc suitable* Thus, 


112 I 2+2 4 


rrrr 

-! 

-2 

-1-2 



1 1 

0 2 

/,Q = ll; and R“2 

This is so 

much simpler. 


(2) Divide 1241 by 112. 
(i) 112 1 241 

888 888 


(//) This too is too Joag. 
Therefore use Paravartya 

1 

1 129 

888 

112 

12 4 1 

~ 

1 O’l? 
888 

-1-2 

-1-2 

-1-2 Q-11; 

T 

905 


11 09 aDdR-9 

8 

-896 



11 

9 




(3) Divide 1234 by 160 


(I) NikhlUim method is manifestly unsuitable. We should 
therefore use the Paravartya formula. 


W 160 

1 2 

3 4 

But this is a case where Vilih 

-6+0 

-6 

0 

kanewiva, i.e. by simple luspeo 



240 

lion or observation, we can put 




the answer down. 


1 

-160 



7 

114 
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(4) 


11203 

1 - 2 - 0 ^ 


(5) 


2 3 9 4 7 9 

- 4 - 0-6 
.|_ 2-^3 

r 14 2 16 


U2 1 3 0 4 5 

-1-2 -4 
-2 4+8 


12 4 53 

-116 /53 


In all these cases where the di^ io the divisor are small the 
//ikbilarii method is ^nerally unsuitable; and the Paravartyc oae 
is always to he preferred. 


(€) Divide 13456 by 1123 

]]2> 13 4 5 6 

^-2-3 -I -2-3 

-2-4-6 

12 0 - 2+0 

Here, as the remainder portion is a negative quantity, we 
should follow the device used in subtractions of larger numbets 
from smaller ones in coinage etc. 

Ks. as. ps. £. s. d 

7 5 3 7 5 3 

9 9 9 9 



In other words, take 1 over from the quotient column to the 
remainder column, i.e. take 1123 over to the right side> subtract 
20 therefrom and say, 11 and R» 1103 
(7) Divide 13905 by 113 (similar) 

U3 13905 
-1-3 -1^3 

-2 -6 
-4-12 


1 2 4 


107 
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, 8 r«member that Just as one ’Rupee-IG annas, 

shillings and one Dollar - 100 cents and so on, 
^*'uUn over Tfom the quotient to the remainder—column 
^erictcic '-alue, for the divisor. 

li\ 1* III 

rrr? 0 - 1-2 

0-1-2 


W 


1132 


-1-3-3 


11 

0-2-1 

-1 

+ 10 1 2 

10 

9 9 1 

1 

2 3 4 9 

• 

•1 -3-3 


-1-3-3 

IT 

«I.2+6-- 

-1 

+ 1133 

10 

1019 


(10) Divide 13999 by 112 

1J2 1 3 9 9 9 

-U2 -1-2 

-2 -4 

-5-10 


1 2 5 0 -1 

-l+H 2 


I 2 4 11 I /.Q-124andR= 111 


(11) 1132 11 3 2 9 AIsobyKf/ofcaBam»i.e. 

-1^3-2 -1 -3-2 mere observation. 

0 0 0 


10 0 0 9 

(12) ^ 1 0 3 Also by Vilokanam, ie. by 

T-2+2 2-2 mere observation. 

2-2 i JT 
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(13) (i)^^ 2 3 4 1 

181 2 16 2 This is by the Mkhilori, 

2 TO method. 

But IS can be counted as 10+8 or as 20—2. So, put 18| 
as 2-2+1. We can thus avoid nuJtiplication by big digits, 
by more than five. 

(iJ) S19 2 3 4 1 

III 4 -4+2 

2 - 2+1 2 703 

(14) Divide 39999 by 9819. Or{ii) by Vinculum and Parurariyt 


(0 9819 3 9 9 9 9 

TOT 3 324 3 

9819 

10221 

3 9 9 9 9 

0 6-6 3 

3 1 0542 

0+2-2+I 

3 1 0542 

0181 


02-2+1 

4 0723 


“4 0723 

(15) Divide 1111 by 839. 

(0 839 I 111 0/ftf)Buta39.I241: and (f/O 839 1 111 

141 161 

161-241 

161 211 

1 272 1541 

1 1 1 

1 2il 1 3S2 

2-4+1 

2-4 

1 1 272 


I 3 5 

2 

(IQ 816 5 0 12 

-1 272 

by simple 

subtraction of the 

“TSr 5 40 10 

divisor as 

in the case of 1^ 

"S-533“ 

annas, 20 

shillings, 100 ceots 

->6 104 

etc. 


(17) 988 13 0 4 5 

(18) 858 

7 111 

0 1 2 


7 28 11 

0 3 6 


7 1 105 

13 2 0 1 


142 



6 247 


l>iybion 
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{\9) (0 S28 43 9 9 9 

\n 4 28 8 

7 49 14 

Or(ii) 828 43 9 9 9 

172 8-12 8 

i-3+5 22-33+22 

47 SO 8 3 

S 3S 10 

52 9 4 3 

-8-2-8 

53 1 1 S 

51 19-15+31 

51 1 771 

2-32 

52 943 

-628 

(20) Divide 1771 by82S 
(0 828 1 771 

172 

53 113 

Orm 828 1 7 7 1 

l7i 2-3+2 

1 943 

2-3+2 i 9 4 3 

-828 

-8 2 8 

2 115 

2 115 

(21) Divide 2571 by 828 

(0 838 2 6 7 1 

Orm 828 2 6 7 1 

172 2 14 4 

172 4-6+4 

2 1 015 

2-3+2 21015 

172 

2-3+2 

3 187 

3 18 7 

Or (Hiy Subtract 828 slrai^t off ia both ca&es from 1015. 

(22) Divide 39893 by 829 

(f) 829 39 8 9 3 

Or Hi) 829 39 8 9 3 

171 3 21 3 

171 6-94-3 

12 84 12 

2-3+1 30 -45+iS 

42 5 0 7 5 

45 25 8 8 

5 3 5 5 

4 -6+2 

47 9 3 0 

47 9 3 0 

-8 2 9 

-8 2 9 

48 10 1 

46 I 0 1 
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(23) DlvideilOIlby 799 
799 21 0 1 1 

T5r 4 0 2 

10 0 5 


(21^ Divide 13045 bv9SS 
988 13 0 4 5 

012 012 

0 3 6 



25 1 

036 

4 

13 2 

0 1 



201 





26 

237 




(2$) Divide 21999 by 8819 




(0 

8819 

2 1 

9 9 9 

Dr(/0 8819 2 

19 9 9 


—nfT~ 

2-f 

4-4.:-2 

ll8l 

2 216 2 


1+2-2+1 

2 4 

3 6 1 

2 

4 3 6 1 

G26) Divide 1356 by 182 Even tUs is 

too cumbrous. 

AniirSpya 



and will be more suitable. 

(0_ 

182 13 

S 6 

(/O 

182 13 5 

6 


-8 

-2 


:Tf5 l-I 




40 10 


n+1 4- 

• 4 


S 4 

• 4 6 

i 

1-1 2)14 8 

TjV.5.1^ 


• 

.32-8 


7 8 

2 iscottS* 



•28-2 



taot. 


9 

+364 

(27) 

882 3 

1 2 8 




Hi 

3+6-6 


7 

82 


1+2-2 3 

4 8 2 


(28) Divide 4009 by 882 

(0 882 4 0 0 9 

l-l,.2+2 4 + 8-8 





4 4 8 1 


1 + 2-2 
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-4^ -4-8 KU -1-Ii 

“ r 2) 24 I i constant. 

l2Kn~ 


16 9 9 

-1-li 
-5-?i 
2) IS 2}+Ii 

7i 2i U 

7 lUi 

TTii 


(31) 2) 222 1 2 3 4 (3^ Divide 7685 by 672 


m -i-i 

-i-i -i-i 
2) 11 I 3 
i ~ 
5 124 


672 

328 

3J.3-2 


7 6 8 5 

21+21 -14 

7 2 9 8 1 

6+6 -4 

9 16+37 

3 +3-2 


10 

9 

6 

5 


-6 

7 

2 

11 

2 

9 

3 


This work can be curtailed—oral least rendered a i»t easier— 
by the 5i2frd. We can take 168 which is oae^fourlh 

of 672 or 84 which is one^ghth of it or, better sliU, 112 which is 
one-sixth thereof; and work it oul with that divisor and finally 
divide the quotient prop&rttonatefy- 

The division with 112 as divisor works out as follows: 
V672-6xll2 7 6 8 5 

. 112 -7 -14 

•• - 1-2 1+2 


7-1 ^5+7 
6) =69 -5+7 


IH -5+7 

-11 336 50(7-203 
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It will thus he seen that, in «II such cases, a fairly easy rrKt\u^ 
is for us to take the nearest muJtiple or sub-multiple to a po^ 
of 10 as our lempomy divisor, use the Nikhilam or the Pori 
vjr/ya process and then multiply or divide the quolicm pr^ 
portionauly. A few more examples are given below, in iUustn. 
tioD hereof: 


(1) Divide 1400 by 199 


Or(//)Since 5x199.995 

(0 199 

14 0 0 

, 995 

1 4 00 

i)io-i 

0 J 

“005 

0 05 

■nnpi 

0+2 


~i 4 or 

o+i 2) 14 \+2 


x5-3 9 8 


7 j+2-7/7 

7 7 

<2) Divide 1699 by 223. 


(3) Divide 1334 by 439 

v4x223-892 


v2x439- 878 

992 1 

6 9 9 

. 878 

i 3 3 4 

l-l-l^2 

1 + 1^2 

“isr 

1 2 2 

1+1-2 I 

8 0 7 


I 4 5 6 

X4* 

•6 6 9 


x2-4 3 9 


1 3 g 


3 17 

+3 




? 

1 3 8 




(4) Divide 1234 by 5U. 
V2x5ll-I022 

1022 1 2 3 4 

(PTT 0-2-2 
2 2 12 

x2_ 

2 2 12 


(^Divide 1177 by 516 
V2x 516. 1032 

1032 1 j 




7 7 


0-3^2 



mti The remainder is constant in all the cases. 
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Argumental Division 


By SlMTLfi AROUMBNT RfiatHE OrDKVA TJRYAX SOTRA 


In addition to the method and themethod 

which am of use only in certain special caM$ there is a third 
mctbodofdiviaon which if one of simple argumentoHon based 
on the ‘CrrfAvff TTrynife* Surra and practically amoPMs to a con¬ 
verse thereof. 

The following examples wUl explain and lOusiraie it: 

(I) Suppose we have to divide (x"+2*+l) by 
(x+ 1), we make a chart, aa in the cnse of an ordinary x + I 
inuWjiication(bythc‘dr«tt»o TtrycA* process) and x + I 
got down the dividend and the diwsor. Then the ?^+2x+r 
argumenUtion is as follows: 

(i) R* and x bang the hnt terms of the dividend and the divisor 
or the product and the multiplicand respectively, the first 
temi of (he quotient or the multiplier must be x. 

(rr) As for the coefRcientofx in the product, it must come up aa 
the sum of the cross-vnse-mulliplkation-products of these. 
We have alreadygot xby thecross«(Dultiplicatioa ofx rn the 
upper row and 1 lnthelowerrow;butthe coedldenlof xio 
the product Is 2. The other x mKrttherefore be (be product 
of X in the lower row and the absolute term in the upper row. 
.'.The latter is 1. And thus isqaoUent is x+1* 


(2) Divide <12x*-8x-32) by (x-2). 

l2x‘-8x-32 
- 


-I2x4-lti 


</) I2x‘ divided by x gives us I2x. 
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(if) Tlie iwl'-e in m*'product or the 

' the actual coefficient of X remaining 16x by multi, 

dividend is-8 We m 8 . absolute term in the 

plying .^t^ofthe^rby ^ ,,^3^ 

divisormosi be 16 ..y*'*"-’' 

.-.R-O. 

(3) Divide (x’+7x»+«x+ 5) by x*+7x'+6x+5 

(0 X’ divided by x gives us x» which is - 

therefore the first term of the quotient. 

tin X* X - 2 - -2x*: but we have 7x‘ in the dividend. This means 
^ thatwehave to get 9x» more, litis must r«uU from t^ 
multipiicationofx by 9x. Hence the second term of the 

divisor must be 9x. 

x*4-7x*+6x-^ . . ., 

x-2 

(j/0 As for the third term, wv already have 2 x 9x— — lax- But 
we have 6x in the dividend. We must therefore get an addi¬ 
tional 24x. This can only come in by the multiplication of x 
by 24. :.Th\% is the third term of the quotient. 
,-.q=x»+9x+24 

(tv) Now this last term of the quotient multiplied by -2 gives 
us -4S. But the absolute term In the dividend Is 5. We have 
therefore to get an additional 53 from somewhere. But there 
is no further term left in the dividend. This means that the 
53 will remain as the remainder.,% Q^x*+9x+24; and 
R-5X 


f^ote: All the work explained ir. detail above can be easily 
formed by means of the •P^eSvartya' SQtra as already explai**^ 

in the ^Poravmya' chapicr. in connection with Wenw/division* 

by Binomial divisors. 

The prcrtedure is very simple; and the following examples vriH 
throw further light thereon and give the necessary practice to ^ 


student: 


(I) 


x*+7x»+9x+ll 


-- •••Q-x’+9x+ 27; and R = «S 

X»-x»-7,4-8 . „ ... 


Argwitental Division 

x*-3x*+7xH5x+7 . ^ 

K^A • -Q^ »*+x>+Ux+49; and R--203 

-<x*+9x*4*9x-12 ^ 

~ ix—4 ••Q" —2 x*+Jx+ 545 and R- 10 

3x*“X“5 

(5) -5jr7“***^-x+2; and R.9 

(6) ^ lx+1^ /.Q»4x4l; and R-0 
x«-4x‘+l2x-9 

{7) - .. T— ^ j Put zero coefflcienls for absent 
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x*-2x+3 


,‘,Q-x*4.2x-3jand R=0 
(8) .-.Q-x+Sjand R=7x+8 

.-.Q-x'+Jx+ljand R-0 

(,0)^±2i^g±^i±L.-.Q-x*+x+l; «ul R = 0 

(11) *lz*ld^2!±^ .•.Q-x»+4:ai«lR-9x+9 

Z X 1 

(12) ' 


powers. 


6x*+ I3x*-f39x»+371+45 q .fix*+25x+143; and 

” R-548X+1332 


(13) 

(14) 

(15) 


I2x«-3x»-3x-12 . Q_ 12x1-3x-12; and R-0 


x*+l 


12x»4-*1x»+81x«+79i+« ^ n_x.«a.7TX6: and R-0 
-3x»+5x+7 

x*-4x*4-12x- 9_ . Q«x*-2x+3andR=0 
x»+2*-3 “ 


12x«+41x»+81x»+79x+42_ _^.,^^,^,. r_o 
4x>+7x+e 

(18) =5lzi^i^^^-x*+2x-3 and R-0 
(I 9 J 2x*+9x*4-18x+ 20 and R = 0 
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^ 2x*+9x*+I8x+20 , , « 

^-•2K-h5jtnd R-*0 


(2.) .2..+3X+S; a„d R-o 


(22) g^-hl3.»+^x.+37,+45 ^ ^ ^ 




(24) =4x>+fo+9; and R = 0 


4x<-6x+9 


(25) '^^7,^y^|t^^ =4x.-2x+9;and R = 0 


(26) 


16x*+3«**+16x+9 


^j^05jj^.4x*+2x+I;at.dR-O 


(22) " x»+2x+3: and R - - 2xH I« 


(28) l^!g|g|±!l-4x»-6x+9; and R.6x+5 


(25^ . -2x»-7x«W|8x»-3x-8 


and R »• -20x*+8x+12 

(30) -X.-3x+l; and R.^ 


(3I,*l±^zjWii!-x.+6x+l:andR.O 


2x‘-9x-4-5x»+16x*- 16x^36 . 

W ~ . I -x*-3x—2Ax+5J; 


2x*-3x+l 


andR-3ix+30i 




(3^2J .-+7,.+l5,.WW+lS,t3 
(35) 


7 x'»+ 26 x»+ 53 x»+ 56 x’+ 43 x»-MOx»+ 41 x»-<. 38 x»-l- 19 xH»^ 

“x‘+ix‘+ix*+W+x+l ~7 Ijx+5 

(S^«. 4,ri,..U « " 2^‘+5'‘H3x‘+x«^*^ 

. .T?^2i.= x»-l-S>«^Sx»-i-3x*+X+J 


Arflumtntal t>iu5fwf 

UNKING NOTl; 


81 


Recapitulation and Conclusion OF(ELtMENTAiiy) 
Division Slctton 

In chapters Four. Five and Si\ relating to division, we have dealt 
vith a large nuenberand variety of instructive examples and we 
now feel jusiiftcd in postulating th; rollowing conclusions: 

(t)The three methods expounded aad explained arc, no doubt, 
free from the tng handicap which the current system labours 
under, namely, (Oths multiplication of large numbers (the DIvi* 
sots) by “(rial digits” of iht quotient at every step with the 
chance of (he product being found too Ing for the dividend and 
so on. (fi) the subtraction of large numbers from large numben, 
(/i7) the length, cumbrousness, clumsiness etc., of the whole pro- 

cedure, (/v) the consequent I iabHUycf the stu deni to get disgus> 

ted with and become sick of it all. (y)the resultant risk of errors 
bang commitled and so on; 

(3)Andy«t, although tpmp^wive/y iiiperiftr in the process 
now in vogue everywhere, yet, (hey too suffer, in some coses, from 
these disadvanuges. At any rate, they do not, in cases, 
conform to the Vedic system’s ideal of “Short and Sweet”: 

(3) And, besides, all three of th;m are suitable only for some 
sptcial and particular type or types o f »ses; and none of them b 
suitable for general application to all cases: 

(/) The ‘Nlkhilam’ m:ihod is g.-n?ral!y unsuitable for Algebraic 
divisions; and almost invariabiy. the ‘Pararariya' process 
suits them better; 

(/i) and, even as regards Arithmetical computations, the ‘Nikhi* 
fj/A’method is serviceable only (he divisor-digits are 
large numbers, i.e. 6. 7, 8 or 9 and Qoi at oil hclpfbl when 
(he divisor digits are small ones. U- 1, 2, 3.4 and $; and it Is 
only (he ‘Pardfanya’ method that can be applied in the 
latter kind of cases 1 

(iil) Even when a convenicni multiple (or sub-muUiple) is made 
use of, there is room for a choice having to be made—by the 
pupil—as to whether (he -Nikhlterii' method or the ‘Pard- 
vartya* one should be preferred; 
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(ir) and I here is no exception-less criterion by wliich the student 
can make the requisite final choice between the two alter. 

native methods; , 

(V) and, as, for the third method, i-e- by the reversed ‘Ordha. 

Tiryak* SStrOy the Algebraic utility thereof is platn enough; 

but it is difficult in respect of Arithmetical calculations to 
say when, where and why it should be resorted to as against 
the other two methods. 


All these considerations arising from our detailed-comparative 
study of a large number of examples add up, in effect, to the 
rimple conclusion that none of tb^ methods can be of general 
utiUty in c//cases, that the select!on of the most suitable method 
in each particular case may owing to want of uniformity be con¬ 
fusing to the student and that this element of uncertainty is 
bound to cause confusion. And the question therefore naturally 
—nay, unavoidably arises as to whether the Vedic Sii/ras can 
give us a General Formula applicable to all cases. 

And the answer Is—Yes, most certainly Yes! There is a 
splendid and beautiftil and very easy method which conforms 
with the vedic ideal of ide^simplid.y aU-round and 
fact gives us what we have been describing as 

menialanswers"'. “ 

This astounding method we shall, however evn 

chapter under the caption‘Straight-Division*’ ^ 

the crowning beauties of the Vedic mathemat? one of 

Twenty-seven, q.v.). SQtras. (Chapter 



SEVEN _ 

I. Factorisation 


Factorjsation of Simple Quadratics 

Factorisation coraw in nalitrally at this point, as a form of 
what wc have called “Reversed multiplication*’ and as a parti* 
cular application of division. There is a lot of good raalerial in 
the Vcdic Sutras on this subject too, which is netv to the modern 
mathematical world but which comes in at a very early stage in 
our Vedic Mathematics. 

Wc do iiot> however, propose to go into a detailed and exhaus* 
tive exposition of the subject but shall content ourselves with a 
few simple sample examples which will serve to throw light 
thereon and especially on the Sutraic technique by which a Sutra 
consisting of only one or two simple words, makes comprehensive 
provision for explaining and elucidating a procedure whereby a 
so-called ^'difficult’* mathematical problem which, in the other 
system puzzles the students* brains ceases to do so nay, is 
actually laughed at by them as being worth rejoicing over and 
not worrying overl 

For Instance, let us lake the question of factorisation of a 
quadratic expression into iU component iMnoraial factors. When 
the coefficient of x< is 1, it is easy enough, even according to ilie 
current system wliereln you are asked to think out and And two 
numbers whose algebraic total is the middle coefficient and whose 
product is the absolute term* For example, let the quadratic 
expression in question be x^+7x-hl0; we mentally do ihe multi¬ 
plication of the two factors (x-f 2} and (x+S) whose x+2 
product i$ x*f7x+l0; and by a mental process of x+5 
reversing thereof, wc think of 2 and 5 whose sum Is x^+7xh- 10 
7 and whose product is 10; and wc thus factorise 


(x*+7x + IO) into (x-]'2)and (x-|-5). And ihc actual worki 
tlicrcorisas follo>vs: 

x*.j.7x-{-I0 

.xt+2x+5x4-I0 

x(x+2)+5(x+2) 

^(x+2)(x+5) 


Tlic procedure ts* doubt, mathematically correct; but 
process is needlessly long and cumbrous. However, as the monia] 
process actually employed is as explained above, there is no great 
harm done. 

In respect, however, of quadratic expressions whose first co* 
efficient is not unity, e.g. 2x*+5x+2, the students do not follow 
the menul process in question but helplessly depend on the 
4-stcp method shown above and work it out as follows: 

2x*+5x4-2 

-2x*44x-f-x+2 

-2x(x+2)+I(x+2) 

-<x+2j(2x+l) 

As the pupils are never taught to apply the mental process which 
can give us this result immediately, it means a real harm. The 
Vedic system, however, prevents this kind of harm, with the aid 
of two smaU which say (/) UmrBBvem,^ 

(«) (^yamddycnOntyamcnrytrui) aud 

which mean ‘proportionately’ and ‘the first by the first and the 
last by the last*. 


The former has b„n explained already in connection with the 

use of multiples and sub-multiples, in muliipUcation and division- 
but. alongside of the latter sub-5firra it aconir.. ^ '’•'^'5“’“; 

beautiful double application and sign’ifican(aai>rl * 
follows: and works out as 


(i) Split the middle coefficient into two such nar.t .u . .u - 
of the first coefficient to that frst part is t 
of that second pan to the last coefficient ■rt!*’"* ^ 
ratio 2x»-hSx-f-2, the middle term S i. i“*’- 
parts 4 and I that the ratio of the finst 
pan of the middle coefficient ij. 2 - to the first 

second pan to the lust coefficienl. iaj.l'. 5 *“*^ '**' of'he 
this ratio, i e. x-l-2 is one factor. ' "*** *he same. Now. 


Faeiorisailon 


S5 

{</) And I Kc second factor is obldined by dividing the fint co* 
efficient of the quadr%lic by (he first coefficient of the factor 
already found and the Usi coefficient of the quadratic by the 
Iasi coefficient of that factor* In other v.’ords the second 

2x* 2 

Binomial factor is obtained thus: 

Thus N^'e say: 2x>-i“5x+2*(x+2) (2x+l). 

A^ore:Thc middle coefficient [which we split up above into 
(4+1)] may also be split up into 1 +4, that the ratio in that case is 
2x+l and that the other Binomial factor according to the above- 
explained method is x+2. Thus, the change of sequence in the 
splitting up of the middle term makes oo difference to the factors 
themselves 1 

This snh-SGtra has actually been used already in the chapters 
00 division; and it wlQ come op again and again, later on, in 
Co-ordinate Geometry etc., in connection with straight lines, 
Hyperbolas, Conjugate Hyperbalas, Asymptotes etc. 

But, just now, we make use of it in connection with the 
factorisation of quadratics Jato their BinomieJ factors. The 
following additional examples will be found uscAil: 

(1) 2x*+5x-3 -(x43)(2x-l) 

(2) 2x*+7x+5 -.(x+l)(2x+5) 

(3) 2x«+9x+Ja -(x+2)(2x+5) 

(4) 2i»^5x-3 ••(x-3)(2x+l) 

(5) 5x‘+x-14 -<x-2) (3x+?) 

(6) Sx^+lSx'-Kl-Cx+filPx-S) 

(7) 3x*-7x+2 -(x-^(3x-1) 

(8) 4x«+12x+5 =<2x41) (2x+5) 

(9) ex*+n*+3 -(2x43) (3x41) 

(10) 6x*4nx-10-(2x4f)(3x-2) 

(11) 6x*4l3x+6 =(2x43) (3x42) 

(12) 6x*-J3x-19-(x4l)(6x-19) 

(13) 6x*437x4d -(x4^(dx4l) 

(14) ?x*-6x-l -(x-l)(7x4l) 

(15) 8x*-22x45 -(2x-S)(4x-l) 

(16) 9x*-15x44 -(3x-l)(3x-4) 

(IT) I2x*+I3x-4 = (3x44)(4x-l) 

(1^ 12x*-23xy4l0y*-(3x-2y)(4x-5y) 

(19) I5x»-l4xy-8y> -(3x-4y) (5x42y) 
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An additional siib-5»Vr<7 is of ininicnse utility in tliis context, 

for the purpose of verifying the correctness of our answers 
in multiplications, divisions and factorisations. It reads; 

and oeans: 

*^Theproduct of the sum of the coefficients in the factors is 
egttal to ike sum of the coefficients in the product ■ 

In symbols, we may put this principle down thus: 

Sc of the product* Product of the Sc pn the factors). 

Tor example, (x+7)(x+9)-(x*+16xH-63); 

and we observe that (1+7) (J+9)* 1+16+63=80 

Similarly, in the case of Cubics, Bi-quadratic$ etc., the same 
rule holds good. For example: 


(x+l) (x+ 2 ) (x+3)-x*+6x*+lJx+6; 
and vfe observe that 2x3x4-1+6+2 ]+^*24. 

Thus, if and when some factors are known, this rule helps us 
to fill in the gaps. 

It will be found useful in the factoriMfir.« ..r ^ u- 

draticsetc..andwmhediscus8ed in that conte T'- 
other such contexts later on. oatext and in some 
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TaciprisatioN of Ha rim r” Quadratics 

There IS a class of quadratic expressions known as Homogene¬ 
ous Expressions of ihe second desrec. wherein several letters x, 

y z etc. figure and which are gciurally fought shy of by students 
and teachers as being loo -dimeu:!*' but which can be very easily 
tackled by means of the Adyamtidyew Sutra just explained and 

another sub-^urfo which consists of only one compound word, 

which readsand means: “by Alternate Elimination 
and Retention**. 

Suppose we have to factorise the Homogeneous quadratic 
2x*+$y«-f-3^+7xy f I lya f 7ax. This U obviously a case In which 
the ratios of the coefficicnls of the various powers of the various 
letters are difficult to find out; anJ the reluctance of students to 
go into a troublesome thing like tills, is quite understandable. 

The ^Lopana-Sthapana' sub-S^iro, however, removes the 
wboledifficulty and makes the factorisation of a quadratic of 
this type as easy and simple as that of the ordinary quadratic 
already explained. The procedure is as follows: 

Suppose we have to factorise the following long quadratic: 

2x*+6y»+3z*+7xy+llyz+7zx. 

({) We first eliminate z by putting z-0 and retain only x and y 
and factorise the resulting ordinary quadratic in x and y with the 
Adyam Sutra; 

(//) we (hen similarly eliminate y and retain only x and zand 
factorise the simple quadratic in x and z; 

(i7/) with these two sets of factors before us, wc fill in the gaps 
CO used by our own deliberate elimination of z and y respectively. 
And that gives us the real facion of the given long expression. 
The procedure is nn argumentative one and is as follows: 
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Tf z- 0, then E (the given express I on)-.2x*+7Ay+6y* 

-(x+2y)(2x+3jA 

Similarly, if y-0. then E-2x-+7«4-3z»-(x+3z) 

Filling In the gaps which we ourselves had created by u 
ing out z and y, we say: E- (x+2y+3z) (2xH-3y+z) 

The following additional examples will be found useful: 


(1) SxHy^-iz^-^xy-yz^a 

E - (X- y) (3x-y) and also (x- z) (3x+22) 
/.E-(x-y-2)(3x-)+2z) 

(2) 3x*+xy-2y*+l9xz+28z»+9xw-30w*-yz+I9wy+46nr 

By eliminating two letters at a time, we get: 

E -(xH-y) (3x-2y), (x+4z) (3x+7z) and also 
(x-2wX3x+15w) 

;.E-(x+yf4z-2w) (3x-2y+72+15w) 

(3) 2x*+2y«+5xy+2x-5/-l2-(x-f3) (2x^4)and 

also (2y+3)(y-4) 

/.E-(x+2y+3)(2x4y-4) 

(4) 3x»+8xy+4y»44y-3-{x^ I) (3x+3) and also 


(2y- 1) (2y+3j 
;.E-(x+2y-|)(3x+2y+3) 

6x*-8y*-6z«+2xy4 I$yz+5xz 
- (2x-2y) (3x44y) and also (2x+3z) (3x-2z) 

E - (2x - 2/4 3z) (3x+ 4y - 2z) 

Note: We could have eliminated x abo and retained only y anc 
z and factorised the resultant simple quadratic. Tliat would not 
however, have given us any additional material but would htvt 
only conned and verified the answer we had already obtained 
ms. when 3 letters x. y and z are there, only two cUminatioei 


(I)x*+xy^2y»+2x2-5i7-3z* 

- (x - y) (x4-2y) and (x *- z) (x+3?^ 




Factcrlsation 


S9 


.TOid .hex* which gives the sJm. coefficient and take only 
"’or z« And then. iheconftisioncausedby the oneness of the 
CTcfficienl in all the 4 factors is avcided; and » e get, 

E - (X- y- i) (x+2y+32) {a$ before). 

( 1 ) *>+2y»+3xy4-2«+3y2+z» 

/A By elicfliiiatina 2 , y And % one aiicr anotner, 
we haveE=(x+y+z) (x+2y+z) 
or («) By y or z both times, ^^'c aet the same answer. 

(3) x>+3y*+2z*+4xy+3«+7y2 

Both the methods yield the same result: 
E“(x+yH-2z)<x+3y+i) 

/« 3x»4.7xy+2yi4-1 ixz+7yz+&H“ 14x+8y + \Az +8- 
Here too, we can eliminate two ktiers at a time and thus keep 
only one letter and the iDdcpeadeat term, each time. 

Thus, E-3x*+l4x+8-(x44) (3x+2); 

2y*+8y+8- (2y+4) (yy^2); and also 
64t+ Ur+ 8- (3z+4) (2z+2) 

.'.E- (x+2y+32+4) (3x+y+:z+2) 

M»wr This ''Loporta-SiftSpana" method of alternate elimi¬ 
nation and ret(nticA wiU be foond highly usellil, later on in 
in Solid Oeometiy and in Co-ordinate Geometry of the 
strai^t line, the Hyperbola, the Conjugate Hyperbola, the 
Asymptotes etc. 



III. Faclorisatioii of Ciibics etc. 


Bv SlMPU ARCiUMLNTATION 

Wc have already seen how, when a polynomial is divided by a 
binomial, a iriuomial etc., tlic remainder can be found by means 
of the remainder theorem and how both the quotient and the 
remainder ctin be easily found by one or other method of division 
expliined already. 

From this it foUoNVs that, if. in this process, the remainder is 
found to be zero, it means that the given dividendds divisible by 
the given dmsor, i.e. the divisor is a factor of the dividend. 

And tius means that, if, by some such method, we are able to 
find out a certain factor of a given expression,* the remaining 
factor or the product of all the remaining factors can be obtain¬ 
ed by simple division of tlie expression in question by the factor 
already found out by some method of division. (In this context, 
the student need hardly be reminded that, in all Algebraic divi¬ 
sions, the'ParJva/ryj* method is always to be preferred to the 
*NikhiIafit' method). 

Applying this principle to the case of a cubic, we may say that, 
if, by the remainder theorem or otherwise, we know one binomial 
factor of a cubic, simple division by that factor will suffice to 
enable us to find out the quadratic which is the product of the 
remaining two binomial fhetora. And these tvra can be obtained 
by the *AdyamSdyena* method offactoHsation already explained. 

A simpler and easier device for performing this operation will 
be to wte down the first and the last terms by the ^Actyamadyend’ 
melliod aud (he middle term with the aid of the 
caya njleii.e. (he principle—already explained with regard to the 
Se of the product being the some as the product of the Se of the 
factors. 



92 


Vedic Marfifntarics 


Ui MS lake a concreie example and sec how this method 
be made use of. Suppose we have to factorsc x*+6x*4.ii;j^g 

and that, by some method, we Iutow{x+l) to be a factof, 

first use the Adj'amddy^nc fonnula and thus mcchankally pu, 
down X* and 6 as the firet aod the last coefficients in the quoiieni, 
i.e. the product of the remaining two binomial factors. But 
know already that the Sc of the given expression is 24; and, as the 
Seof(x+I)-2 we therefore know that the S© of the quotient 
must be 12. And as the first and last digits thereof are already 
known to be I and d, their total is 7- And therefore the middfc 
term must be 12-7=5. So, the quotient is x*+5x+6. 

This is a very simple and easy but absolutely certain and 
effecUve process. 

The student will rememher that the ordinary rule for diviabl- 
lily of a dividend by a divisor as has been explained already in 
the section dealing with the Tcmainder theorem” is as follows: 

If E-DQ-f R« if D —X—p and if x—p, then E —R. 


Corollaries 

(OSo, if. In the dividend, we substitute 1 for x, the result will 
beihat, as all the powers of 1 are unity itself, the dividend will 
now consist of the sum of all the coeffidenls. 

Thus. ifp'»X“l. R-a+b+c+d+(whcfea, b,c.dctc., are 

the successive coeffiaenu); and then, if a4-b+c etc -0 ir will 

^ ^ In ;oiher words, x-1 is a 

{il) If. however, D-x+J and if we substitute -1 ^ 

then, ioasmuch as the odd powers of-1 will aii r x inE. 
even powers llwrtof wiU aU be 1, ihewforc it wiU 
ihiscase,R-a-b+c-detc. ^"’^UfoEow that, in 

So.ifR-0. i<.ifa-b+c-.detc.,-0.i.e.if a^b+c ^ 

= 0.1.4. a+c+.. . = b+d+... +c-d ttp., 

ie. if the sum of the coefficients of the odd powers 

sum of (be coefficients of the even powers be eouai **** 
will be a fector. n, oe equal, then x+i 

The foUowing few j»usiraU*ons wiU elucidate the actuaJ 
cation of the principleaiaiBly bywhat may becallcd 



mentation meibcel, hL\sc<\ on Hie simple multiplication Tomula 

to the cflcct tlmt— 

(x+a)(x+b)(x+c)- x»H-x»(a4'b-|-c)-|-x (ab+nc-}-l)c)H-abc. 
as follo'vs: 

(!) Factorise x*+6x*H-l lx+(> 

(«)Hcrc, Se'-24; and li (the last term) Is 6 whose factors 
arc 2, 3 or I, 1, 6. But their total should be 6 {the 
coedicient of x^* So we must reject the K 1,6 group and 
accept the 1, 2, 3 group. And, testing for the third co* 
cfiicicnt, we find ab+bc+ca= 11 
.•.E=(x+l){x+2)(x+3). 

or (ij) So (the sum of the coefficients of dhe odd powers) - 1+11 
-12; and S. (the sum of the coefficients of the even 
powers)» 6+6]2> And as So^Se 
.*,x+l is a factor. 

/. Dividing E by that factor, we first use the ^Adyomad* 
yena* Sutra and put down 1 and 6 as the first and the last 
coefficients. /.The middle coefficient is 12—(1+^—5* 
.*.Th* Qayt^.SY-l-6 which (by Adyamadycna) CK-h2) 
(x+3). 

Thus E-(x+l) (x+2) (x+3). 

(2) Factorise x*—6x*+11 x—6 

Here Se-0 /.X -1 is a factor. But as i is an indefinite figure, 
we cannot use the Cu^ita-Samuceaya method here for the 
middle term but must divide out by mental‘F<7r5w?rr>’fl’and 
get the quotient as x*-5x+6 which by the Adyamadya' rule 
« (X - 2) (X- 3) /. E - (X - i) (x- 2) (x- 3). 

or f«) argue about -1, -2 and “3having“6 as the total and 
- 6 as the product; and test out and verify the ll. And 
therefore say, E -(x— I) (x—2) (x — 3). 

(3) Factorise x*+12x*+44x+48. 

(i) Here So ^ 105 whose factors are I, 3, 5, 7, 15, 21, 35 and 
105, And t, is 48 whose factors arc 1,2. 3, 4, 6, 8, 12, 16, 
24 and 48. /,x+l and x-1 arc out of court. And the 
only possible factors arc x+2, x+4 and x+6 (verify). 

or (,-,■) ar^c that 2+4-!-6. 12 and 2x4x6=48; and lest for 
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(4) Factorise 

(0 Here S<j-3^ (with factors 1, 2, 3,4. 6, 9, 12, 18 ^ 

(which is 1 x2x2x3x5) * 

.-.Possiblefactors are I, 2. 3,4, 5, 6, 10, 12, J5.20,30a^i 
60. But the sum of the coefficients in each factor must be 
a factor of the total Se (* c. 3^»TIierefore, all the itaJicI^. 
cd numbers go out, and sodox-1, xH-4, x+Sandx+io. 
Now, the only possible numbers here which when added^ 
total -2 are - 3, -4 and 5. Now, test for and verify x ^3 
.•.E«{x-3) (x‘+x-2q)«(x-3) (x-4) (x+5) 
or (/Intake the possibilities x-IO, x—5, x+5, x-4, x+i, 
X— 3, x+2 and x—2. 
lfx-2 x*-2x*-23x+60 
2 + 0 - 4 ^ 

1+0-23 14 /.R-M 

.•.x- 2 is»o/a factor. 

But if X-3, R -0 /.x-3 ft a factor. 

Then, argue as in the first method. 


(5) Factorise x»-2x»-x+€. Here Sc -0 

(r) .-.x-l is a factor; and the other part by diviaion it 
x»-x -6 which =(x+ 2 ) {x- 3 ) 

••■E-(*-1)(*+2)(x-3) 

(/j) Ij* 6 (whose factors are 1 a j l 

nation which give, us the bUdl 2 ^ ? 

(6) Factorise x*+3x» -17x - 38 

Now Sc - - 51 (with factors ± 1, 4.3 ^^ , 

And-38has the factors ±1 A I’lt 

And only ±2 ts possible- And if ^ a 
.'.x +2 is a factor .•.E-Cx+ 2 ) 
which has no Ajrther feciore. 


(7) Factorise x*+8x*+19x+I2. 

(0 Here S«-40; and L,-12 .M+3+4a«,i. 

bers- Now test for and verify 19. ^ Proper num 
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..1 + 19-8 + 12 .-.x+l Jsa factor. Then the quoUent is 
obt.ninable by the 'Adyamadycna' and 'Samuccaya' Sutras. 
And that again can be factorised with the aid of tlic 
former* 

;.E-(x+1)(x+3)(x+4) 

(8) Factorise x^-7x+6 

(/) /,x -1 is a factor. 

/. By *Paravartya^ method of division (mental), 

E-(x-l) (x»+x-6)=(x-I)(x^2) (x+3) 
or (/i) (by a different kind of application of Adymiadyena) 
x®-7x+6«(x*-l)-7x+7-(x-l)(x*+x+l-7) 

.(x-I)(x-2)(x+3) 

Note: (I) This method is always applicabk.when x^ is absent; 
and this means that the three independent terms together total 
zero. 

(2) Note the note on this and other allied points in the section 
relating to cubic equations in a later chapter. 

(3) Note that this method of factorisation by Argumentation 
is equally applicable to biquadratics also. 

(4) The relationship between the binomial factors of a poly¬ 
nomial and its differentials first, second and so on is an interest¬ 
ing and intriguing subject which will be dealt with in a later 
chapter. 

(5) The use of differentials for finding out repeated factors will 
also be dealt with later. 
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Highest Common Factor 


In the current system of mathematics, we have two methods 
which are used for finding the H C F. of two or more given cx* 
pressions. 

The first is by means of factorisation which is no I always easy; 
and the second is by a process of continuous division like ilic 
method used in the G.C.M. chapter of Arithmetic. The latter is a 
mechanical process and can therefore be applied in all cases. But 
It is rather too mechanical and,comcquenlIy» long and cumbrous. 

The Vcdic method provide* a third method which it applicable 
to ail cases and Is, at the same lime, free from this disadvantage. 

It is, mainly, an application of ihe 'Lopana-StiOpafta' SSira, 
the *SanfuiIana‘yya¥akahn' process and the rule. 

The procedure adopted is one of alternate deslructton of the 
highest and the lowest powers by a suitable muhiplicaiion of the 
coefficients and the addition or subtraction of the multiples. A 
concrete example will elucidate the process: 

(1) Suppose we have to find the H.C.F. of (x*+7x+5) and 

(x»-5x-6) 

(/) x*+ 7x+6- {x+1) (x+6); and x*- 5x - fi = (x +1) (x - 6) 
.'.The H.C.F. is (x+l). 

(it) The second method the G.C.M. one is well-known and 
need not be put down here. 

(Hi) The third process of'Lopana-Sfhapana’, i<- of EliinimUioo 
and Retention, or Alternate destruction of the Itighest and 
the lowest powers is explained below: 

Let Ej and E, be the two expressions. Then, for destroying 
the highest power, we should sublf.-ici E, from B,; and for 
destroying the lowest one. we should add (lie two. The 
chart is as follows: 


Matfteifiat/C5 


n 


x'-|-7x46\ 

s«-5x-6j 


Subtract ion 


x«-5x-^ 


Addition 


12) 12x4-12 2x )2x»+2x 

x+l 

W« then remove the cojnmon factor if any from each; and we 


find x+l staring win thefacc* 

/.x+l is the H C.F. 

The Alg^tfrusi-uf principle hereof is as follows: 

Let P and Q be the two exp^ions; H their H C.F. and A and 
B the quotients after their division by the H.C.F. 

-L-A;.nd P=HAandQ = HB 

/. P±Q- H (A±B); and MP±NQ -H (MA±NB) 
y. The H C.F. of P and Q is also the H-C-F. of P±Q, 

2P±Q, P±2Q and MP±NQ 

All that wc have therefore to do is to select our M and N io 

such a way that the highest and the lowest powers arc removed 
and the H C F. appears and ihews f/jeff before us. 

A few more jllustraiive examples may be seen below: 


(l)(i) x»-3x*-4x+l2-(xH-2) (x-2) (x-3); 
andx»-7x»4-ldx-12-(x-2)»(x-3) 
ibcH.C.F.i8<x-2)(x-3)»x*-5x+6 
But the factorisation of the two expressions will be required, 
or (/!•) The G CM. method, 
or {iil) The 'LoparuhSth^nc' method: 

jis-3x*-4x+I 2 x>-7x«+l6x-l2 

-(xs-7xi+ldx -15 +(x*-3x>-4x+I2) 

4) 4x*-20x4-24 2x) 2x»-10x*+12x 

x»-5x4-6 x»-5x+6 


TheH.C-F.iB<x*“5x+6) 

( 1 ) 4x»+l3x«+ 19x4-4-(4x+l) (x*+3x+4); 
and 2xH5x»+5x-4-(2x+l) (x*+3x+4) 

TheH C-F. isx*+3x+4 

But the factorisation of the two cubics will be cumbrous- 
or («) The G.CM. method. 
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or (iii) The Vedic method: 
4x*+13x»+I9x+4 

-(4x»+I0x^+I0x-8) 
3) 3x*+9x+12 
x»+3x+4 
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2x»+5x»-f 5x^-4 
+(4xH13xH19x+ 4^ 
gx)6xHi8xH2 4x 
' x*+3x+4 * 


.•.The H.C.F. h {x*+3x-f-4) 


(3)(0x^+x»-3x*-3x+2-(x4-l) (x-^ (x*+ 2 x-I)- 

and x*-3x*+x*+3x-2-(x+l) (x-2) fx- 
.•.ThcH.C.F.isx»-x -2 ^ 

But ihi* factorisation of the two biquadratics is bound to 
be a comparativeJy laborioas process. 

(It) The cumbrous O.C.M. method. 

(W) The Vcdic method: 


x*+ x»-5x>^3x+2 

-(x*-3x»+ x»+3x-2> 

2)4x»-bx>-6x+4 

2x*^3x»-3x+2 
-(2x»-2x*-4x^ 
-n'-x»i-x+ 2 ) ' 

ThcH.C.F.isx*-x-2 


x«-3x’+x>+3x-2 
x*4-x*-5x»-3x-h2 
2x^ 2x*^2x»^4x« 

(iV.^. muJiiply this by 2x and 
take it over to ihe left 
for subtraction.) 


(4) p) The Vedic method; 

7x*-5x>+14x+7 3x»-3x*+7 

^Hx'i (N3. multiply this by :x and 

__ 3x*—5x> 4-7 subtract from L.H.S.) 

(ii) The faciorisation of the big biquadratic will be “harder”. 
(«0 The G.C.M. method is, in this case, easy. But how should 
one know this beforehand and start monkeying or experi- 
meming with it? 

(i) Tfte Vedic method'. 

6x*-Ux*+16x*-22x+8 6x«-nx*-8x»-i-22x-8 

-(6x*-Ux^- 8x»-i-22x-“8) +(6x^-llx^-Hgx—22x4-8) 

4)24x«-44x+16 2x») I 2 x'^ 22 x»+ 8 x* 


dx*-11x4-4 

The H.C.F. is 6x»- I tx+4 


dx«-nx+4 
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(«)C>^--lU*+l6i^‘-22x+8=(2*-0 (3x-4)(x>+2):and 

6x*-Ux«-8x»+22x-8-(2x-1) (3x-4) <K*-5 

;.Thc H.C.F. j» (2x-1) ()X“4)-6x*-lU+4 

(ift) The cumbersome G.C«M. method. 


(6)(02:^+x«-^»(2x-3)(xH2x+3); 

and x*+2x*+9-(x*-|-2x+3) (x*-2x-f-3) 
.•.TlieH.C.FJ«x*+2x+3 

But llK fac*orisati on-work especiaUy of the former exprea^oo 
will be a tough job. 


(fO The O.C.M. method wiU be cumbrous as usual. 


(m) The Vedic method 
2x»-|-x*-9 
x*-|-2x*+9 

x»lxH2x»+3x* 

X*+2x+3 


N.B. As this has no further 
Ikctors, U must be in 
theR.H.S. Muhiply 
it by X and take it 
over to the right for 


2x*+4x*+l8 

2x<-t-x»-9x 

x».4x*-9x-18 

x»-Hx«-i-3x 

-6) -6a»-I2x-18 

x*-h 2x+3 

The K-C.F,iaxH2x+3 


subtraction.' 


(7j(0 4x*-Hlx*-l-27x*+l7x-h 5 and 3x*+ 7xHI8x*+ 7x4*5 
12x*+33x*4-81x*4-5U4-15 4x*+1 U»4-27x*+ l7x+5 

J2x*4-25x*4-72x«+2fix-h20 3x**f 7x«+18x»+ 7x4-5 


5x»+ 9xH-23x- 5 
5x»4-20x>4“4Sx4-50 
-Jl) Ilx>-22x-35 

x«+2x4-5 


x)x*4-4x*-t-9xH-IOx 
X»+ 4x"4- 9x4-10 
I0x»4-I8x»4-46x-1O 

llx) llx»+22xH-S5x 

x»+2x4*5 


(h) The C.C.M. method will be cumbrous as usual. 
m 4x«+IU»+27x*4-17x+5-(xH2x4-5) (4x*-|-3x4-0 
3x«4-7xH 18x»4-7x4-5 - (x»+2x+5) (3x* 4-xH-1) 
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But the factorisation of the two big biquadratics into two 
further/actor/m quadratics each, will entail greater waste of 
time and energy. 

So, the position may be analysed thus: 

(i^TheG.C.M. method is mechanical and reliable but too 
cumbrous; 

(fi) The Factorisation method is more intellectual but harder 
to work out and therefore less dependable; 

{Hi) The Vcdic method is free from all these defects and is not 
only intellectual but also simple, easy and reliable- 


eleven _ 

Simple Equations (First Principles) 


As regards thcsofution of equalionsof various lypcs, ihc Vcdic 
sub*5u/raf give us some First Principles which are theoretically 
not unknown to the western world but arc not utilised in actual 
practice as basic and fundamental first principles of a practically 
Axiomatic character In mathematical computations. 

In order to solve such equations, the students do not generally 
use these basic sub-Sfl/w as such but almost invariably go 
through the whole tedious work of practically proving the for¬ 
mula in question instead of taking it for granted and appiying it! 
Just as if on every occasion when the expression a*+b*+c*-3abc 
comes up; one should not take it for granted that its factors ore 
(a+b+c)aQd (aHb^+c^-ab-bc-ca) but should go through 
the long process of mulliplyingthcsctwo. showing the product 
and then applying it to the case on hand, similarly for Pythagoras 
Theorem etc. 1 

The Vcdic method gives us these sub formulae in a condensed 
form like Para^riya etc., and enables us to perform the nec^ 
sary operation by mere appUeaikn thereof. The underlying prin¬ 
ciple behind 'all of them is (Pardwtyci Y&Jayef) 

which mMns.-'Tmnspose and adjust”. The applications, how- 

ever, are numerous and sptendidly usctul- A few examples of 
this kind arc cited hcreundc r, as i Uustrations: ... 

(h2x+7-x+9.\2x-x-9-7.-.x-2-The Student hfis to 

perfonn hundreds of such transposition-operations 

ot his work; hut he should byprac.iceobumsuch MrUy 

with and master over it as to astimil.tc and assume the general 
formasthatifax+b-cx+d. x- and apply it by mental 

arithmetic automatically to the particular case actually before 
him and say: 
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2 x+ 7 - x +9 /. X • jrr” 

(l,e «l.olc process sl.otiUl be a sl.orl anJ simple mental proems. 

StCOND CENbRALTYfE 

The above is the comiflcpcsl Kind of Iransposiiionv 

2oIS colto.: .;S « one in which each.de .he L.H.S.aa, 

the R.H.S. contains two binomial factors. 

In general terms, let (»+a) (x+b)-(x+c) (x+^.TheusM] 
method is to work out the two mult,plications and do the traas. 

positions and say: 

(x+a) (x+b) - (x+c) (x+d) 

,..xi+4X+bx+ab-*‘+cx+dx+cd 
.‘.ax+bx - cx-dx - cd - ab 
.•.x(t+b-c-d)-cd-ab 

cd—ab 

•'* *■ a+b-c-d 

It must be possible for the student, by practice, to assimilw* 
and assume the whole of this operation and say immediately: 

cd-ab 

a+b-c-d 

As examples, the following may be taken: 


<l)(x+I)(x+^-(x-3)(x-4) X- 
(2){x-6)(x+7)-(x+3)(x-ll).-. X- 
{3)(x-2)(x-5)-(x-l)(x-^4) .'.X- 
W(x-7)(x-^-(x-3)(x-22)/. X- 
(^(x+7)(x+9)-(x+3){x+22);. x- 
<«)(x+7)(x+9)-(x-8) (x-U).-. X- 


12-2 


_ii.l 

1+2+3+4 10 

- 33+42 


_. 1.1 

^6+7-3+11 9 

4-10 _ 


-2-5+1+4 

66 63 

-7-^+3+l2”9 J 
66- 63 

7+9_3_22‘^ ^ 

88- 63 

7+9+8+11 35 

‘.fl 


<r) (*+7) (x+9)=(x+3) (x+21) X- - rs 
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to a general corollary lo (he ciTcct that, if cd-ub 
^l 5 pve& ^ ^ Iproduct of (he absolute terms be 1 1w 

(lie numerator becomes zero; and 

Thjrd Gen OWL Type 

type is one which may be put into the general rorm: 
tt+b and.after doing all the cross-mulliplicationsand 

wgeeix-^~H The Student should (by 
(ranspotJt'ons etcwe gei x 

pjaetke) be able to assimUate and assume this also and do it all 
as a single operation. 

jVo«‘ The only nik to remember for farilitating (his process 
is that aU (be (erms involving x should be conserved on ^ ^ 
vft side and thal all (he independen( Knns should be gathered 

mgether on the right side and that every transposing for (bis 

purpose must invariably produce a cliangc of sign, i.e- from + w 
- and conversely; and from x into 4- and conversely. 

FoUKra Gbjeral Type 

The fourth type is of live form 

After aU the L.C.M-s,*heCTosnnrftiplicationi and the tram- 
positions etc., are over, we get x-™» ** “'"P'* 

enough and emyerongh for .he eluden. to 

should be asamilaied and readily applied mentally.o any case 

ire , 

means of practice, be extended so as to 
larger number of terms- For instance. 


m 


•+ 


n 


i-.0 


x+a' x+b x+c 

mf.+b* fx-fc)+n(x+c) 

** -^-(x+a)(x+b>(x+c) 

/. m(x»+ji(b+c)+bcl+i<a'+»<®+*^'^“^'^ 
p(a*+a(a+b)+abJ -0 
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.•.x*(m+n+p)+x(m(b-[-c)+n(c+a)+p(a+b)]+ 

(mbc+nca+pab)-0 

Ifm+n+p-O, then 

-mbc—nca—pab 
“ m(b+c)+n(c+a)+p(a-fb) 

But if m+n4-p^, then it wiU be a quadratic equation and 
will have to be solved as such as explained m a later chapter. 

And this method can be extended to any number of terms on 
the same lines as explained above. 

LINKING NOTE 
Special Types of Equations 

The above types may be described as general types. But there 
are, as let the case of multiplications, divisions etc., parttcuiar 
0 /es which possess certain specific characteristics of a special 
character which can be more easily tackled than the ordinary 
ones with the aid of certain very short special processes practi* 
cally what one may describe as mental one-line method. 

As already explained in a previous context, all that the student 
has to do is to look for certain characteristics, spot them out, 
identify the particular type and apply the formula which is 
applicable thereto. 

We will discuss these special types of equations, in the next 
few chapters. 


twelve 

Simple Equations 



By SOtra ^Onyam btc. 

We begin this section with an exposition of several special 
typesofequations willch can be solved p/actically nl sight with 
the aid of a beautiful special Stlira which reads: sp? 

(SiiJixom Sdmyasamuccaye) and which, In cryptic language which 
renders it applicable to a large number of dilTercnt cases merely 
says: *'when the Sanuiccaya is the same, tliat Sanuiccaya is zero**, 
i«e. it should be equated to zero. 

'Samuccaya' is a lecluiical term which lias several meanings 
under different contexts; and we shall explain them, one by one. 


FjRyr Meaning and Application 
‘Semwcflyfl* first'means a term which occurs as a common 
factor In all the terms concerned. 

Thus l2x+3x-4xH-3x I2*+3x-4k-5x=0 


€x=0 X“0 

All these detailed steps arc unncccssa^; and. in fact, no one 
worb it out in this way. Tlie mere fact that x occurs as a common 
factor in all the terms on both sides [or on the L.H.S. (with zero 

on the R.H.S.)1 Is sufficient for Che inference that x is 

tio intermediate step is necessary for arriving at this cone usi 


quantity'* but to every such case. Thus, if 9(x+ ) C 


uecd not say:9(x+l)-’'7(x+l) 

.•.9x-i-9=7x+7 .•.9X-7X-7-9 .•.2x--2 
On the contrary, wc can straightaway say 


,X“ “1* 

9(x+l)-?(*+*) 


.‘.x-fl=.o 
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StcoND Measino and Application 
T lic word ^ ScrnucmQ * has, as its second mcarung the 


Tlic wora —’ - - - - •;•'■ P^wtuo 

of the independent terms. Thus, (x+7) (x+9)=-{x+^ 

Here 7 X 9-3 X 21 • Therefore X=0. 

This is also practically axiomatic, as has been dealt with ^ 
previous scclionofthisverysubjectof equaifons and need Rot 
begone into again* 


Third Meaning and Application 

^Somuccaya' llur<fly means the sum of the denominators of 
two Dae (ions having the same numencal numerator. Thus, 

2^+35pj"0.-. 5x-2=0 

This is axiomatic too and needs no elaboration. 


Fourth Meaning and Appucation 

Fourthly, 'Sotmccaya' means combination or total. In this sense, 
it IS used in several different contexts; and they are explained 
below: 


(OJfthesumofthenumeralofsand the sum of the denomi- 
naforsbe Ihesame, then that sum-zero. Thus 
2x+9 2x+? 

2x+7* 2x-|.9 

.‘.{2x+9) (2x+9)-(2x+7) (2x+7) 

.•.4x»+36x+81 -4x»4-28x+49 

.•.$x--32 

.‘.X- -4 


Thisjs the current method- But the _ . 

formula lells us tha!, inasmuch as n'Tm 
D,'+D, isal5odx+l«.-.4x+I6-0.-s“ a"** 

th/s characteristic is noted and the Ivnc ^ 

can al once mentally fay x - 4. ^^fiaised, the student 


//ore: Ifin the algebraical totO, there be a „ 

that should be removed. Thus; ^nierical factor, 


3x+4 x+1 

?xT7’ 
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Here J^iH-D,»-8k 4-I0- Removing the 

pumericnl factor, w have 4x+5 on both sitlw here loo. 

4X+5-0/. X--5/4 

l 4 o laborious cross-muUiplicalloru of Nj by D, and N, by D* 
and tnnspositions etc., arc necessary in the Vcdic (ncUiod- 
At siglitt we can at once say 4x-h5**0 and be done with it. 


FtFTH MEANtKC AND APPUCATION K)R QUADRATICS 

With the same meaning. i.e. total of the word ^Sainu- 

eta}'u', there is a fifth kind of Application possible of tins Sulru- 
And this has lo do with quadratic equations. None need, how¬ 
ever, go into a panic over this. It is as simple and as easy as the 
fourth application; and even little children can understand and 
readily apply this Siiira in this context, as explained below. 

In the two instances given above, it will be observed that the 
cross^multiplications of the coefficients of x give us the same co- 
efficfent forx*. In ilie first case, we had 4x* on both sides; and in 
the second example, it was 6x^ on both rides. The two cancelling 
out, we iiad simple equations to deal with. 

But there are other cases where the coefficients of x‘ are not 


the same on the two sides; and this means that we have a quad¬ 
ratic equation before us. 

But rt does not matter. For, the same Sutra applies although 
in a different direction here too and ^ves us also the second root 
of the quadratic equation. The only difference is that inasmuch 
as Algebraic includes subtraction too, we therefore 

DOW take Into account, not only the sum ofN, and N,and the 
nim of Di and D, but also the differences between the numerator 
and the denominalor on each side; andJf they be equal, we at 
once equate that difference to Zero. 


Let lu Ukc it cuiivretc example aod suppose we have to solve 

is-r m 

(OWenotclhatNi+Na-Sx+lO and Di+D, is also Sx+10; 
we ^therefore use the method described in the fourth applica¬ 
tion ^ven above and equate 8x+10 lo zero and say x “ -5/4* 
OO But mental cross-muliiplicaiioo reveals ilial Ihc x* cocfRcients 



ycitk Mathcmaiics 

on ihc L.H.S. arid Ihc R-H S. arc 6 and 30 respectively ^ 
nol Ihc «imc. Sc, decide that it .s a quadratic 

and ss'c obscr\c ilwi N^-D, '3x+3 and that 

3x+3. And so. according to llic present application cfij^ 
same SCitra, w at one s.ay 3x+3 - 0 /. x » -1. 

Thus the two roots arc - 5/4 and -1; and we have solved j 
qu,idfatic equation at mere srglit (without the usual paraphet. 
naliaofcfOss-muUiplication. transposition etc.}. We shah reve^ 
to this at a later stage (when dealing with quadratic cquaiiecB 
themselves, as such), 

SixTK Meaning and Application 


With the same sense ‘tolaP of the wordbutinj 
different application, we have the same Sutra coming straight (« 
our rescue, in the solution of what the vanous text-books ever)*- 
where describe as'‘Harder Equations**, and deal with in a vet> 
late chapter thereof under that caption. In fact, the label '*Hsr* 
der" has stuck to this type of equations to such an extent that 
they devote a separate section thereto and the Matriculation 
examiners everywhere would almost seem to have made it an ia* 
variable rule of practice to include one question of this type ia 
their examination papers. 

Now. suppose the equation before us is: 

_L+J_» I I 

x-7 x-9 X'6^x-10 

In all the text«books, we are told to transpose two of the terers 
so that each side may have a plus term and a minus term, take 
the L.C.M. of the denominators, cross-multiply, equate 
denominators, expand them, transpose and so on and so 
And. after 10 or more steps of working, they tel! you that Sh 
the answer. 


The Vedic Snua. however. leUs us thal, if other elements beifS 

^ua , the sum-total of the denominators on the L.H.S. and 

0 al on Ihc R,H.S. be the same, then that lotaJ is zero! 

. '7 ’"f)"-« D.+D. and D,4 D, both total 2x- >6. 

inslart. ' t:'' * ' * ’ •» ah there is to it! A fe"-1"“'' 

instances may he noted* 
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(1) ?p‘^x+9 xH-6^*+IO--* * 

(2) 5^+3J+9"x+n+v^ •■•*■"' 

(3) 

DiSCUISEO SPeCIMGKS 

f\yt above were plain, simple cases which could be readily 

re«o^ised as belonging tn th^ type under constdention. There 

2 re however several cases which really belong to this type but 
cooie under various kinds of disguises thin, thick or uUra^thlckl 
But, however thick the disguise may be, there are simple devices 
by which we can penetrate and see through the disguises and 
apply Samuccaye* formula: 


*nfiK DiSGUJses 
j 1 I 1 
5p8~x-5"x-12 x-9 

Here, we should transpose the minuses, so that all the 4 terms 


are phis ones: 

x-8 ^x-9 




.M-8i 


x-12' )t-5 
The transposition-process here is very 
memaUy in less than the proverbial trice. 


( 2 ) 

0 ) 

W 

(5) 


1 


I 


1 


I 


x+1 

1 

x+J 

1 

x+2 x+4 

^ - * .-.x 

x+I 

x-3 

x-4 x-8 •• 

1 

1 

1 1 

x-^ 

x-b-d 

x-c-l-d x-c 

I 

1 

1 1 

x+b’ 

•II+FR' 

x+c-d x+c 


;.x-i(b+c) 

.•,x-'-J(b+c) 


Note: If the Iasi iwo examples with so many Uieral coefficien ts 
involved were to be done according to the current system, tte 
••hour entailed over the L.C.M.’s, the multi plications etc., woul 
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Iiavc been terrific; and the time taken would have been rw I 
iionalc toof But, by this Vedic method, the equation ts 
sigh/l ^ 

MeUIIJW DlSGUJSI^ 

The above were cases of thin disguises, where mcie tnm 

position was sufficient to enable us to penetrate them. We 

turn to cases of disguises of medium thickness: ^ 



x-2 . x-3 x-i , x-4 
x-3"^ x-4“ x-5 


Dy dividing the Numemton out by the Denominator, 

have: 

‘+^+'+x-^<-‘+x-^2+'+,-^ 


Cancelling out the two ones from both sides, we have the 
equation before u$ in ii$ undisguised shape and can at once say 
.% x-3}. 

Now. this proceas of division can be mentally perfonned very 
easily, thus: 

« f + f “- r +- r -(‘+'=■+0 

(ii) Applying tht Pardvarrya method mentally and transferring 
the independent term of the denominator with its sign chang¬ 
ed to the Numerator, we get 1 as the result in each of the 4 
cases. 


With the help of these two tests, we know that '‘the other ele¬ 
ments are the same*’; and. as Dj+D,-*Da+D 4 . we therefore 
identify the case before us as coming completely within the juris¬ 
diction of the **^un)'afn Scrmyccaye'* formula 


V2X-7-0/. X-3J 
^ *-f-I . x-8 


X“2^x-7 x-r 


Here. 


I 


Secondly, by Pardvar/ya. 

J 2 2 2 
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vv .f^nsposatlxc minus terms and find that all the tests have 

can of course 

j,_3, 3X-20 x-3, 4x-l9 

(3)^+ie::r=x-r^+T^ 


Here }+f«i+f; the numerators all become I; and 
Di+Dj-D8+D4-2x-9-0,% x-4| 

3x- 8 , 4x-35 2 jc- 9. 5x-34 

X-9 x-7 

and the Other 2 tests are all right too. 

.*. 

,. 3X-.13 , 4x-4l 2x-13 , 5x-4l 

W x-4 x-10“ x-6 ' x-8 

AS the tests are found satisfactorily passed. 

/. 2x-14-0.\ x-7 

„4x+2l, 5x-69 3x-5 , 6x-4| 

TIT+ T^- —2+ 


x-2 

AU the testa arc all right /. 2x—9 - 0 

j5»+3x+ 3 , x«-l5 x*+7x+U , x*-4x-20 

"x+IT"ir^ * x+5 ^ x-7 

Either by simple division or by simple factorisation both of 


theni, mental, we note: 

(0(x+l)+(x+4)-(x+2)+{x+3) 

(//) the numerators are all unity; and 
(«0I>,+D,-D,H-D,-2x-2-0.*. x-l 


(I) 


Thjck£r Disguises 

S?5^5xT2 x+l'^?x+7 


W At first sight, this does rot seem to be of the type which wc 
Itave been dealing within this section. Bui w note that the 
efficient of x In the four denominators is not the same. So, 
suitable multiplication of the numerator and the deno¬ 
minator in each tern:, we gel 6 (the L C.M. of the four co- 
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oflicicnis) uniformly as llie coclRcicnl of x in all of 
Tlius» u'c have: 

6 6 ^ 4 - ^ 

6x4-9“^ <)X+4“ 6 x+(>“^ S+7 

Now, can readily recognise the lypc and say: 

I2X+I3-0.-. 


But we cannot gamble on the possible chance of its beinj 
of this type and go through all the laborious work ©f 
L.C.M., the necessary muhiplications* etc., and perhaps 
find at the end of it all, that we have drawn a blankl There 
must therefore be some valid and convincing test whereby 
can satisfy ourselves beforehand on this point and, if con. 
vinced, then nnd cnly then should we go through all the toil 
involved. 

And that Ust is quite simple and easy: 
l+f But even then, only the possibiUiy or the 

probability and not the certainty of it follows therefrom. 

<//) A second kind of test—with guarantee of certainty—is avail, 
able too. And this Is by cross-irruitiplicatioa of by D| and 
of Ng by Dj on the one hand and of N 9 by D 4 and of N« by 
D 9 on the other. And this too can be done mentally. 

Thus, in the case dealt with, we get from each ride—the 

same I2x+I3 as the total /. I2X-M3-0.% x«* — 

..^ 3 6 3 2 

3x+J 3x+2 2x+l 

( 1 ) Wc transpose mentally and note: 

l+l-f+5-So, wemay try the L.C M, method. 

5r?2^6x+3 67+1 
.•.['2x+5-0.-.x-.^ 

<h)Evw here, after (he preliminary testing of i+f being 
0 S+^ we may straightaway cross-multiply and say: 

/. I2x+5.t0 /. x^-5/l2 
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3*-2^5^+i 

. By either otthetv/o methods, we get I2x“ 1 -0 
A *"11 

,3 1,3 

<*) 7+S 

-4 
3 


jx-l" 3x-' 

. By either method, 6x+8-0.\ x 

2x+ll 9X“9 4x+13 lSx-47 ^ 
3X“4 x+3 3x-l0, 

Hercf-l-f-V Yej. 


By simple divisioo, we put this into proper shape, as 
follows: 


I 


I+5'^3x-l0“x+3'^3x-‘l 
Herei+5*i+| Yes. 

By cither method, fix+5-0 x- 

5-fix. 2x+7 31-I2X. 4x+2l 

<« 3;frT+-j+3* TW 


1 


.+ 


-5 

6 


1 


I 


•*x+3 ^3x-l x+T 


3 


^4 


By either method, 6x+8=0 x- —j 


further APPLlCATiONS OF THE FORMlItA 

<I) In fht case of a sptciol typ< of sirming ‘^cublcs'* 

There is a certain type of equations which look Uke cubic 
«SWtion8 but, wlikh after wasting a lot of our time and energy 
^rnoum>b^si,„pl^ equations of the first degree and which 
^mewiihin the range of the 'Sunyain SamiKca}-€'* formula. 
Tliug, for instance 

(x-3)5+(x-9)»-2(x-fi)* u ^ 

The current system works this out at enormous length by cx- 

^nding all the three cubes, multiplying, transposiog etc-, anfl 
gives us t he ans wef x - fi 
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The Vcdic row und6r iiisoission is, however, 

10 this kind of ease too and says: 

/,_3)+(x-9)“2x- 12. Taking away the npmerical factor,^ 
have X- 6 . And x- 6 is the factor under the cube on R.H.S. ’ 
x-6-0 x=6 

The Algebraical pfoof of it is as follows: 

(X- 2a)»+(x- 2b)> - 2(x- a - bl> 

x»- 6 x‘a+I 2 xa*- 8 a»+x>- 6 x>b+ 12 xb>- 8 b» 
-2(x>-3x‘a-3xn)+3xB*+3xbH6xab-a’-3a»b-3ab«-b») 
= 2 x>- 6 x>a~ 6 x»b+ 6 xa*+ 6 xb‘+I 2 xab- 2 a»- 6 a‘b- 6 ab>- 21 i* 
Cancelling out the common terms from both sides, we have: 

12xa«+l2xb»-8a»-8b»=6xa«+fixb«+12xab-2a>-6a>b 

-6ab*-2V 

€xa*4‘6xb*— I 2 xab* 6 a^“- 6 a*b“ 6 ab*+fib* 
6;(a-b)*-.6(a+b)(a-b)* 

A x-a+b 

Obvioaslythjspartiojlar conbioation was not thought of and 
worked out by the malhematidans working under the current 
system* At any rate, It is no: foaod listed in their books under 
any known formula or as a conditional identity and so on* Tile 
Vedic mathematicians, however* seem to have worked it all out 
and have given us the bene^ thereof by tbe application of thia 
formula to examples of this type. 

We need hardly point out that the expansions, multiplications, 
additions, transpositions* factorisations in each particular case of 
this type must necessarily involve the expenditure of tremendous 
time and energy, while the Vedic formula gives us the answer at 

5ight\ 

Three more iUustrations may be taken: 

(0 (X- l40)»+(x- 5I)«*2(x-100)> 

The very prospect of the squaring, cubing etc.* of these num¬ 
bers must appeal the slodcnt. But, by the present Sutra wc can st 

once say: 2x- 200-0 A x -100 
(//) (X- 249)»+(x+247)a - 2(x -1)* 

This is stjU more terrific. But, with the aid of this Sutra,^ 
can at once say:x-i;and 

(/i 0 (x+a+b-c)»+(x+b+c-a)^- 2 (x+bl» 
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jlfi literal coefficients make this still 
answer is: x--b. 


worse. Bui the Vedk 


one> 


^2) irt ^^ fpecw/ type rfseeming ^•biquadratics'* 

is also similarly, a special type of seemingly “bjqua- 
4 raiic'* equations which are reoUy of ihc first degree and 
ibe same Sutra solves for us, al sight. Thus, for example: 

(x+3)» x+1 

(x+3)*" x+7 

According to the current method, we cross-multiply and say* 
(a+7)(*l3)*-(»*l l)(xl5)* 

Expaodiog the two sides with the aid of the usual formula 
[(x+a)(x+b) (x+c) (x+d)-x*+x»(a+b+c+d) 

+x"(ab+ac+ad+bc+bd+cd) 
+x(abc+abd+acd+bcd)+abcd)] twice ovtf, we will 
next say: 

x4+idx*+90x*+2l«x+189-x<+16x>-r90x*+:i0(hi+125j 
Cancelling cut the common terns and tniuposing, we then say: 
16x--d4 .% X--4 

According to the Vcdic formula, however, we do not cross* 
multiply the binomial factors and so on but simply obsem that 
Nj+Dj* aodN,+D, are both 2x+8 and 2x+8 -0 

.% X--4 

The Algebraic proof hereof is as follows: 


(x+a+ dy x+a 
(x+«+2d)»"5+a+3J , 

By the usual process of crMS-muItipbcMions, 
(x+a+3<i) {x+a+<J)»-(x+a) (x+a+2d)» 

By expansion of both sides 

«‘+x>(4a+6d)+x*(6i*+l8ad+12d«)+x(4a‘+I8a>d+2^ 

+ 10d*)+(a«+«aM+12a«d*+12od»+3d‘)-x+^ + ^ 

+x'(fia»+18ad+12d*)+x(4a>+lto*‘*+2‘‘*^ 

Canedjing common terms ott, wc have: 

X(l0d*)+l0ad*+3d*» x(8d»)-f-8ad» 



‘(within the cubes) 
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/. Cun 1115 d’ out. \vc Iwvc 2x-f*2.i’f 3<l 0 .*. x - J{2nH.i(ij 

At tliis point, lltcsiudciit will nolclliiitN,-l-n, under the cuu 
and N,+D, arcboIh(2x4-2a+3d). And this fives us the req^j^j 
clue to the p.nlicutir characteristic which charactcnscs this lyp, 
crcquations,i.e.thatN,+D, under the cube and N,+D, nwn 

be the same; and, obviously, llicreforc, I lie 'Sunyom Samcesj^ 
Sutra applies to this type. And, while the current system 
evidently not tried, experienced and listed it, llic Vcdic seers had 
doubtless experimented on, observed and listed tills paiiicular 
combination also and listed it under the present Sutra. 

A'orc: (l)The condition noted above about the 4 binomials 1) 
Interesting. The sum of tlie first+the second must be the same« 
the sum of the third and fourth. 

(2) The most obvious and readily understandable condhioa 
fulhUIng this requirement Is that the absolute terms in Nf, 

Di and D« binomials should be in Arithmetical Progression. 

(3) This may also be postulated in this way, i.e. that the dilTeT- 

ence between the two binomials on the R.H.S. must be equal to 
three times the difference between those on the L.H.S. This, 
how^, is only a corollary—result arising from the A.P. 
relationship aimdst the four binomials namely. thatifN^Ni, 
Dj and D, are in A.P- it Is obvious that 3(D — Nt). 

(4) In any case, the formuU in this special type may be entifl- 
catei-m gennaJ .erms-thw: if N +0 on both sides be the 
same, N+D should be equal to zero. 


Two more example* of this type may be taken: 

(x-9) xS 

(x-a)» x-2a-b 

' ^ (x+b)» x+a+ 2 b" 


Working this out with aU the literal coefficient ..h -.u 
multiplications, expansions, cancellations, tr*- **d ^* 1 ^ cross- 
galore would be a horrid task even for ih 

student. ThcVedicformula.however.tellsusriu'^!^/' 

and (X- 2a-b)+(x+a+2b) beth total up to 2 I ^ 


a+b 
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tUc above examples. 11 will be observed U\m ihc 

MC not merely ill/trilUmcliciilProcressionbul are 

•' fcialcd ilmt their cross totals are also the same. 

ill the first exampio worked out above, by .eross-mulliidi- 
. \vd have and ihc cros*- 

of factow gives us 4x-M6 aslhc loUlon both 

^vT • and this tallica with the value —4 obtiuned above. 

In the second example: 

(x+a+M) (x+a+d)»-(x-l-a) (x+a+2d)» 
j «oss«additiyn gives us 4x*h4a+6d as (he total oa 

boA sides And this too gives us the same answer as before- 


In the third example, we have: 

(x- 9 )(x- 5 )»-(x- 3 )(x- 7 )* 

And here too the cross^dditico process gives us 4x-24 as the 
tola! on both sides. And we get the same answer os before. 

Id the fourth case, we have: 

(x 4 .a+ 2 b) (x-a)»-(x- 2 a-b) (x+b)« 

And aoss-addition again ^ves us the total 4X“2ai-» on bods 

sides and, therefore, the same value of x as before- 
The student should not, however, fall into the error of imagin- 
jng that this is anadt/zV/oM/tesl or sufficient condition for the 
aejJicalion of the formula. TOs really comes in as a coroUary- 
coDsequcnce of the A.P. reUiionship between the Binomial 
factors. But 'it is not a fi^cknf condition by itself for the 
applicability of the present formula. The rule about Ni+Di ana 
N,+Dj being the same, is the only condition suffldenl for this 


purpose. 

An instance in point is given below: 


{i+yf x+2 

(x+5)»" x+8 . 

Here, cfoss^dition gives 4x+l7 as the total on both ^ 
IW condition D|-N,-3pi-Nj) is also satisfied « b- • 

But 3 + 59 fe 2 +g; and. as this essential condition is lacking. 

particular equation does 'not come within the purvtc 
SHtra, 

On actual cross-multiplication and expansion etc.. w« find. 
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x44.,7^,4.,05x»+275x+250 x*H-17x*.|-99x5.,.24u ,, 
6x’+32x+34 -0. which is ^quadralic equation wlj 

iwo Inational Roots 

5 ami not a simple equation 
all, of the type we arc licre dealing with. 

And (his is >nconforniilywi;hthelackoflIicbasiccoRH!i' 

m question, i,e. that N.+D, and N,+D, should be (he sa!U “ 
(3) In tht case of another special typeof"Biquudralks" 

SlvsiL'S’'" ■•Biquadratics" Which a« 

r^y sunpU equations of the ftrst degree, and to which 

tf ThT « applicable which wenowgot 

to. This section may. however, be held over for a Utcr read^ 

(I) (L+j)(x+9) _ ( >+^(x+1 0) 

(x+2)(x+4) (x+5)(x+7) 

or^+l) (x+S.) (x+J)(x+7)-(x+2) (x+4) (x+Q (x+IO) 

e note that cross-additiongiv« us the same total (4 k 1-22) 

on both sides. This gives us the sssurance that, on cross-multi. 

cu^HM ’ '*’* *' *’ will cancel 

out. Bui what about the x* coefficients? 

dot? f fr 'T'*’’"'"“an' ‘hat the sum of the pro¬ 

ducts of the independent terms taken two at a lime should be tbe 

same on both sides. And this is the case when if (x+aVx+b) 

a+b+c+d-e+f-hg-hh but also two olher conditions fulfilled: 

(0 that the sum of 2 binomials on tlie one side is equal to 
the sum of some two binomials on the other; and f/A ab-f-td 
on the left •ef+gh on the right. ^ ' 

ftiSS 'll these conditions 

<0(x-f l)-i-(x-f5)=(x-t-4)-Kx-b6>; (x+1) + (x+s\ _ f,+ 2 t 4 - 
(x+4): (x+l)-Kx-(-7)-(x-h2)+(x+6); (x+Sl-f-r' + S - 

(x-h4)-(-(x+10);(x+9H(*+7)“(x+6H(x-(-I0);andTx+5) 

-Kx-f7)-(x+2)-Kx-fl0); and (//) {5+a) and (Sd-fiO)^ 
both c^ual to 68. 

$o» by this test, atsight.wc hnow the equation comes under 

the range of this Sutra 4x+22-0 x - - 5} 
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Similar is the case wilh regard to the equation: 

(x+2) fx+4) (x-1)(xt7> 

0 (x+lHx+^1 (X“S;(x-i-(S) 

. ^;,^2)(x+2)(x+4)(x+6)-(x-I)(xJ.l)(x+2)(xX7);and 

*(i) By cross^addition, the total on both sides is 4x+l0j 
Hi) The sum of each pair of biaomials on the one side H equal lo 
the sum of pair thereof on the other; and 

^^^j-j4t)+cd»ef4-gh,i<. -4-i'24«<*-l+2I (»2D) 

/, The Sufa applies; and 4xH-10-0 .% x- -2J 
**Tlus however is not the case wilh the equation: 


<2) (*^ 1) (X“Q (*+^ (x+5)-(x-4) (X- 2j (x-hS) (x-i-7) 

Here, we observe: 

(0 The total on both sides is 4x+4; but 
{//)the totals of pairs of binomials on the two sides do mi 
tally; and 

{Ui)eXi-^cd^r-^ih 

This equation is therefore a quadratic and not within the scope 
of the present SHra- 

The Algebraical Explanatior. for this type of equations is: 
(x+a) (x+b) (x+c) (x+<l)-(x+e) (x+0{*+S) 

The data are: 


P)i+b+c+d-e+f+«+h; 

WThesumofmty'pairoftaaomials on the one side mu« be 
the same as the sum of some pair of bmomiaU on the other. 
Suppose a+b-e+f; aDdc+d^g+h;and 


(iiOab+ed=»ef+gh 

x*+j^a+b+c+d)+x»(ab+ac+atJ+^+>^<*+"‘^^ 

+x(abc+abd+acd+bcd)+abcd .-m 

-*‘+x»(e+f+g+h)+x»(«f+e6+'*‘+^8+n> ■ S’*) 

+x(efg+tfh+*gh+rgh)+ergli 

The X* and x» cancel out; and, , therefore they 

'be X* coefficients are the same on both p ^ for us to 
too cancel out. And there Uno quadratic equauoQ 

herein. 



122 


V^ftic MatfitnuiUci 


Froof: The x* coefficients are: 

L.H^. ab+ac+ad+bc+bd+cd 
R.H.S. ef+eg+ch-j-fg+fh+gh 

i.e-(ab+cd)+aCc+d)+b(c4-a)-ab+cd+(a+b)(c+d^ 

and Cef+gh)+efg+h)+f(g+h)-er+gb+(c-|-f) (g+h) 
Bot(ab+cd)=(ef+gh): and a+b-e+f;amJ c+d -g+h 
the L.H.S.vthe R.H.S.; and x* vanishes! 


Further Extknsioh or the SOtra 

Iq the beginnmg of this chapter, it was noted that if a funoi^ 
containing the unknown x. y etc. occurs as a common factor jo 
an the terms on both sides or on the L-H-S. with rero on the 
RJi.S. that function can be removed therefrom and equaled to 

Wc now proceed to deal with certain types of cases which 
do act seem to be of this kind but are really so. Alt that we Iiave 
to do is to re-arrange the terms in such a manner as to unmask 
the masked terms, so to say and P«liion .n,ns««MJT 

clear on the surface. For examp l<, 


(I) 


£_+■ * x-fb , x+c 


^?c‘^c+a '*a+b' 


+ 


-3 






C2) 


. ^*+b+c x+b+c+a . x+c+a+b 

«+• " ^a+b- 

By virtue of the Samuecaya rale, 

x-ha+b+c-O.-. x*--(4Hb+<:) 

m whofc worta-n* ca« be done.,igh.. 


x+a . ^ . x+c x+::a 
b+c c+a a+b b+c 


+ 


x+2c 

«+a-b-^a+F^ 


Add unity to each of the 6 lerma; tod observe 
x+a+b+c ^ x+a+b+c ^ *+a+b+c 

Dj 0| 

^x+a+b+c^ x+a+b+c ^ *+a+b+c 
x+a+b+c-0/. x--(c+b+e) 


Simple Equctiens 

Subtract nnity from each of the 6 terms; and w« have • 
jj-a-b-c»0 ^:«(fl+b-fc) 

x+4> . x+b» . x+c« 

(a+b) (a+c)^ (b+c) (b+a)"^ (c+a) (c+W 
x-bc , x-e* . x^ab 


a(b+c) 


6(c+^'''^;+^ 

Subtracting 1 from each of the 6 terms, we have; 
x-ab-aC'bc-0 /. »-(tf^+bc+cfl) 


(5) 


x-bc, x~ca , x-ab 
b+c ^ c+a a+b 


x+2a<-bc . x+2b>-ca , x+2c<-ab 
** ia+b+c 2b+c+a 2c+a+b 
Subtractiag afrom the first terms, b from the second lenu 
and e from the third titm on both ^des. ws have r 
x-ab-bc-ca-0 ;e-flb+bc+M 

x+a*+2C x+bH2a* x+c*+2b» 

b+c ^ c+4 ^ a+b 

Aa (b-c)+(c-a)+(t-b>=*0, weaddb-c.c-aanda-bto 

dK first, second and third terms respectively; and we have: 
x+ai+bi+«>-0 X — 

- ai4>afa«+2bc). bx+b(b>+2ca) cx+c(cH^^n 

(O 

As 8(b-c)+b(c-a)+c(a-b) -0 
.•.Weadda(b-c)tothefirsttenD,b(c-a)to the second and 

c(a-b) to the last; and we have; 

I, . “±j£t?52+a(b-c) 

ai+ara*+2bc)+a(b-cy 

b-« 

^+afa«+b■+c») ^ * (x+(a»+bHc’)} 

* b-c 

Similarly, ^ - A {x+(aHb*+c*)} 

- ^4p{*+(a'+b«+«)"0 
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• x+a»+bHe*-0.-. 

■ x+a»+2b» , x+b»+2c» x+c»+2a» 

w * c—a a~b 

-2a*+2b»+2c3-l-ab+ac+bc 

Splitting the R.H.S. into (b*+bc+c*)+(c*+ca+a*)+(a»+ab 
•f b*), transposing (he three parts to the left and combiniog the 
first with the first, the second with the second and the third vath 
the third by way of application ot the ^Adyamddyend fonnula, 
we have: 

t.- ^^^-(bt+bc+c*) 

n+a*+2b^—x4a»H-b*‘fc* 
b-c ^ b-c 

amiUrly, t, - —— - 

. . the same N 
-jTb- 




/•'A 



thirteen 


Merger Type of Easy Simple 

Equations 


By the Barav.mitya MbTiiDo 

Having with various $ub-di\'isions iinHer a Spcrial 

tvTjcs of simple cqualionf whicli the Sunyam SdmX'OSJmuccaye 
formula helps us to solve easily, wc now lake up another special 
iype of simple equations which the Paravartya Sutra (dealt uilh 
already In connection with Division etc.) can tackle for us. 

Tins is whiit may be described as the merger type: and this loo 
Includes several sub-headings under that heading. 


Ths First Tvm 

Tlie firtt variety is one in which a number of terms on the left 

hand side is equaled to a single lemon the right hand sdc, m 

such manner ihat N^+Nj+N, clc.. the sum of the numerators 
on the left and the single numerator on the right arc the same. 


Forinstancc> 

3 , JL.llercN,+N,.U.(3+4)-N(i^.7).Sc. 

x+r x+2 x+3 

on.ofof the R-H-S. fn^ion 

the left^o that only WO term, remain- Thcpro«si is a fo U^ • 
A, we mean to merge the R.H.S-into ^^H-S we ,ubtmct 
the independent terra of the to-be-merge i . 

absolute terms in the binomials on the f f» And the 

remainders by the numerators of the terms on the left. Ano 

thus: __ 

?iT *+2 
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/«)Tlicn as 3 ffonuUc R.H.S. is to be merged, ^ve subir^gt 
^ that 3 from llxc 1 in the fintterm. obtain -2 as the remaia^. 
cr, muitiply it by the numcmior, i-e- 3. get -6 as the produci 
and put that down as the ne'v* numcratof for our first tenn. 
OVt) And we do the same tlimg with the second term, obtain -4 
as the product and set it down as our numerator for the 
second term of the new, i.c. the derived cquallon. 

<iv)As the work cfmergmg has been completed, we put zero on 

the rigiit hand side- So iheresulianf new equation after tbe 
merger now reads: 

-i.o 

jt+l xH-2 

Then, by simple cross-multiplication, we say 
4x+4- -djt-12 .% lOx- -16 X- - 8/5 
or, by the gene ral formula (- mb - na)/(in+o) explai ned already 
in the chapter on simple equations and first principles, we say at 


once: 


X— 


12+4 


-6-4 


8/5 


The Algebraical Pw/hereof is; 

_3_ . 4 ^ 7 _3,, 4 

x+l'^x+2 x+3 x+3’^x+3 

3 3 4 4 

•• x+I x+3 x+3 x+2 

3(x+3-x-l> 4<x+2-x-3 ) 

•• (x+l)(x+3)* (x+3){<+2) 

X--8/5 

The General Algcbraieaf Proof htr^of U: 

P , q P+q 
x+a x+b x+c 

• -£-+ p I ■ 

x+a x+b x+c ‘ x+c 

• -.P, - - P., _ <1 q 

x+a x+c* x+o‘“x+b 
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q(x+b-x-c) 

.*. (*+0 (xH-b) 

p(c-a) <t(b-c) 

.••T+r x+b 

A x{p(c-a)+^(^“W-^P(a-c)+aq(b-c) 
bp(a-c)+aq(b-c) 

.*•*" p(c-a)+q(c-b) 

Tlie Alficbraical cxplonalion way look frighif^jUy long. But Uxe 
appHcalion of the ^Par&vortyd SGtra as hereinabove explained 
4Uid illujimted is ampU enough and c*$y enough and should be 
\s>e!comed by the student witli delight 

A few more examples of this sort may be noted: 

f) ^2+7^6-di 

Here 3+5^8 A. The Surra applies. 

. (3X-S) , (-9X5) _ zi5+:d!,o • X- i 

•• x-2 ^ (X-6J r^^x-6 -lS-45“^ 

J+2^x+1'X+5 
Here 2+3*5 The fonnuU applies. 

"x+l'^x+T"**"’' 

Note: At this stage, when both the numerators are found to be 
- d and can therefore be removed, the formula '‘SSHym S<mu» 
ceaye** may be readily applied; and we may say: 
(x+2)+(x+3)-0.-. X--21 

But if_H_+_ir=-^,as2+3-S. 
x+2 x+3 x+7 

the merger applies: but after merger, the numerators 

«w different (i.e. ^ 10 and -12} and therefore the ^SCmyam Sutra 
not apply. 

Disguises 

too. we have often to deal with “2 

'5'oegh and pcnciraiing them, in the same 
Chapter with regard to the •iunyarr* Samuceay^ f 
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A fe^v jUustratioiis will make this clear: 

5,2 3 

Here, mere transposition will do the trick. Thus: 

5 


x-3^x-4 


x-2 


Now. 2+3*5 /. The Suira applies, 


4 » 


-2 


X— 


'+ 


-6 

x-4 


0 X- 


-26 


13 

T 


... 4 

^ ' S+!“^3x+ 2 3x+l 

4+9^15 Doubt arises; but the coefficients of x bdog dlSi^ 
rent in the three denominaton. we try the L-C.M. method and 
get: 

12 . 18 30 

^(+3’^S+4 "" 6x+2 

And here, on noting Nx (12)+N, (18) - Nj (30), we say: “Yes; 

th^ VSifM AppliM** AfiH fn nrpty il* 

12/(6x+3)+36/(6x+4)-0A x--13/24 
But how should we know heforediand that the Sutra does 
apply? The test is very simple aod merely consists in the division 
of each numerator by the x-coefllcient in the fdenominator as In 
the ^Sunyarn' case. Thus J+t“ 2+3-5; and 3. 

Say, “yes” and go ahead, wth the merging. 

4 9 25 

(5+1) and V the same (i<- 5) A Yes. 

3^+ ra- «+so- 

SOx-15 ■*■ 3<lx- 3lix-d 2+3-5 Yes 
Proceed therefore and say: 

-18 12 


(4) 


30X-15 3UX-I0 
7 6 

S+r 4x+i 


-0 /. X 

15 

dx+T 


t 


1+11 "2J; andt* also 2| /. Yes 



Merger Type o/Simph E<pmont 


^ die merging llicreforc and ay: 

126 210 
54x+2i"' 84X+70 
S 

84X+70 



AUrFTT + Mx+Ji 
-116 . -H7 
MI+5T 

4 > f 
(f) iox+i 

Here it -3/2 /. Yc$ 

8.7 IS 

••• ite+5+ i5J+l- —' •• 
-24 . -28 


Yes 


=0 .\x 

3 

STi 


-50 

23^ 


lOji+5 


• \ + -0 

•' Rx+T 

• -520x-80=0 

/.X—2/U 

Hert I+}-2i; and V n also 2\ Yes 


. 84 , 126 

•• Wx+12 84X+2I 

. 2 . 3 

••B^TTT+PTFir 

. -4 . 21 


210 

5 

84X-14 


• • 


Yes 


Yes 


‘ * wx+n s^rnr 

A I428X+I68-0 
. , -168-2 
•• * ir 
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Extension op Merger Method 
(Muiripte Merger) 


We now take up and deal wUh equations wherein Nj+N,+ 
Nj(of the L.I1.S0-N of the R.HS. and w'hertin the same 
(Merger) formula en be applied in exactly the same 
''^yas before. Thus: 



3 4 . 5 

x+4 

Test: 1 + 34 . 5.9 A Yes. 
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Yci» acain. 


X+2 '^x+3 
(0 Hy I lie Basic Formula / x 


-mb-na 


) 


\ m*fn 

-6-6 -i2 

cr (//)By •^un)wft Samuceaxe* formula: 
(xH-2)+(x-|'3)'-0/. -2J 

^ Note: Tliesc two steps of successive ncrgfn]’ can be comKoed 
mteoneby muUii>lymgNiitrstby2-4and tlien by 2 -5 u 

C and similarly Nj first by 3 - 4 and then by 3-5, U. by 2 and 
proceeding ns before 

• ^ I g n 

•'x+r^x+3“^ 

.% By cillicrnidhod Basic orSunyiV^i, x*’ -2J 

27ic ^/^ciM/cF/tw/Jjcreof IS ih«: 

—I J]_L P ni*fn*) p 

x+n ^x+b^x+c" ' x-U“ 


”(a^d) n<b-d) . r^c-d) 
x+a x+b x+c 


. m(a-d)(a-e) n(b-d){b -c) 

x+a x+S-- 

.fSS “■ -= »«y 

m 


n 


x+a'^x+b' 


*+c^ x4-d+ rrs+ 


- n‘+n+p+<j+r+ ... 

x+w 

x+a --- 

^^-W)(---)(b-0(b-d)<b-Cl 

X+b 



Mcrs<f c/ Shffpk Eqttoiioia j 3 j 

Is ihe ecocral formula for Ihc purpose- Thuj, in ihc above 

etaniplf . 

^ *\ I-/_ 




7.r !.U-2l(-?)+(-3)Ir2)<-i) . -18-12 -30 „ 

(+i)+(-2) 6+^ ““ 

^ few itwr® illustratioas of this type arc given below: 

5 4 48 48 

^+1 

HcrcHS-K^“^5^"^V-8 Yes 

24 , 24 , 144 192 

•'• lE+S"'*’ 24X+6 ' 24X+3 " 24x+4 

t . t . 6 8 


o • 


•■• ■24X+8 24*+6‘^ Wx+S ’- 24x+4 

4 2 ( 

•js+f*’ ' "SmT •■• 

“ . g -» 

•' 24x+e 

824x4-168-0/. * - ^ 

2 , 18 , 75 88 

'^^2x+l 3x4-1 "^5x4-1 4x+l 

Here i 4 -V+V- 22 ; and V « #1«> 22 

60 , 360 , 900 1320 

ax+30"“'‘ 60x+2ff'*" 60x4-12 60x+l5 

1.6 15 22 


Yes 

Yes 


• • 


Yes 


1 0 , iJ _ ^ . Ygj 

60x4-20 60x4-12 “ 60x4-15 ** 

15 30 45 


;. Yes 


60X+30 “*■ 60x4-20 "* 60x4-12 

_J _ , 2 . ^ Yes 

60x4-30 60x4-20 60x4-12 

^ 18 , 16 
60x4-30 60x4-20 


2040x4-840 =*=0 /. x 


‘IT 


ffote: Any cliange of sequence of the ler^ ^ 

no change in the working or the result. 

144 

4x 




27 


_. 

3x-r 5x-: 
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4 27 . 125 

Here * 5 '+ - 3 -+ — 


2+9+25-36; 



is also 36 Yes 

540 ^ 1500 


2160 


^•d0x-20‘^€0F^2 “60X-I5 •' 
9 25 36 


•+ 


60X-I5 

-75 


•• 60X-30 60X-20 ‘ 6(tt-l2 

. -30 , -45 

/. (Bymerger) g 6 ^_ 3 r+12 
. 2,3 5 . Y 

•• id*-30■^66*-53 60*-i2'-^ 

. - -24 0 

•• 60x-3a’*"€Ox-2O 


I 


+ 


1 


>0 


20X-J0 • 30x^10 
By basic tuIc or by cross-multiplicatioo or 
fonnuU, 50X-20 -0Jt-| 

or by Multiple simultaneous merger 
_ (-40)(-18)(-l5)+(-270)(-8)(-5) 

Ou5I* 


x-l 


(-2)(-l8)(-5)-r(-9){-e)(-5) 


Note : Again any change of sequence of the terms o. 
will cause no change in the working or (he result. 


Yes 
/. Yes 
. Yes 

by ^unyaip 

>24 

a the L.H.S. 



Complex Mergers 


There is siili another lype-^ special and complex type o( 
equations which are usiially dubbed 'harder' but yfbidi can be 
readily tackled with the aid of the ParSvariya SStra- Por 


2 

3X“ 


iAStance: 

10 . 3 ^ ^ ^5 

Sx^*" 53^“^ 3 x+5 

Nett the tests: (l)V+!-|-H^; and 
(2)10x3-2x15 

u. 10 : 15 : ;2 :3(0f 10 :2 : ;15:3) 

10 15 2 

Tiansposing. 

a&d taking the L.CM. 

30 30 0 6 

dx+3 6x+4" 6x-9 6x-4 

^raple cross-multiplication leads us to the main test: 

. 30 

"(dx+J)(6x+47 (6x-9)(6x-4) ^ « i 

Here comes the third teat, U. that the numerator of Ihc final 
derived equation is the same on both sides— 

(dx+3) (6x+4) - (6x- 9) (6k-4) 

. , 36-12 24 ^ 6 . ,^1,5 

* ^ ^ 20 5 ^ ' 

C/u«-Thi» gives M the necessary clue. na^y. 

Pumng up tti coefficient for X in all 

(DO (D0-(D0 (DO- As the ^qu’ation 

^ done menraify, this clue amounts to a solution 

In these exajnpics. we should transpose ^ the 

a manflcr that, after the cross-multiplical'<^ti e .. 
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fpurdcaominatoR of iKe final derived equation have ibe sa®^ 

L.C.M. coefficient for x and the numerator Is the same od the 
L.H-S-aad the R .Hi. of the same equation- 
A few more iUustrations will be found helpful; 

2 2 9 1 

<*> lErn'*’ ^rpr 

(0 By transposing etc., we have 

6 6 18 18 

fn+d" I8X-I0 - 18x“^ 

Here the N on both sides of the final derived equation is 18. 

/• The 5tf/rv applies. 

(18x+3)(l8x+6)-(ISx-IO)(l8x-9) 

. I8x -2?. • X - i-. J- 

^cretin some cases details of which we need not now enter 
into but which will be dealt with later» the original fractions 
themselves after the transposition fulfil conditions of the test. 
In such cases, we need not bother about the L.C.M. etc., but may 
straightaway transpose (he terns and apply the *Parayartya' 
formula. In fact, the case just now dealt with is of this type, as 
will be evident from thefoUovdng: 

_2 _ }_ 9 2 

^ ' 6x+J 3x+l“9x^ 5xM 
Here{»i;)«f: and the numerator on both sides of the final 
denved equation is 1* 

The SOiro applies and can be applied immediately vidthout 
bothering about the L.C.M. etc. 

(6x+l)(3x+l)-(9x-5)(2x-l) 

/. 18x*+9x+I-l8x*-l9x+5 28*-4 x-i 

/2t ^ I 3 1 fi 

2*+3+H+5“x'+r + ^7 

. _2_6 3 

'•2x+3 x+1 K+2 

(0 By L.C-M. method. (6x+9)(6x+6)-(6x+7) (6x+4) 


(ii) In this case, there is anotherpecnliarity, i*- that the trafl^ 


3 



Complex Mergers 

^ --liUon. 

’%+9)(&^-(«*+e)f+‘‘> 

. • “15 

(iti) ^ cross-multiplication at the very outset, we 

Jl2x+J3-0by5dmyflSamxi«a>^. /. x--t|. In such cases, 
J^nce in transposition does not matter! (This will be expi^n- 

edhderO 

51 68 _ _ S2 _^ 

(3) 3x+5"4x+11 4x-I5 3x-7 

Tests: V and V are both 17; and V and are both 13. 

This equation can be solved in several svaya all of them very 
simple and easy. 

(ABy(hcL.CM. process: 

204 204 156 156 

12x+33"T2x-45“ I2x-28 
In the derived equation in its final form. 

Ns-204x 13 •> 12x13x17; 
andN,-156x 17-12x13x17 
The surra applies. 

(l2x+20)(12x+33)-(l2Jt-4^ (12X-25) 

2«x 45-20x33 W ?1 
12* - " 155’ •• 63 

(tf) or, removing the common factor 12: 

17 17 13_13^ 

*• I5+S“ 12X+33" l2s-4> I2X-28 

In the (final) derived equation. 

N.-17X 13: and N,- 13x 17 /. Tkt Sfl/« appko- 

600 ^ 

.% DjXDs-DsXD* 12* - r2g’-'* * “ df 

(«0 or, at the very outset, U. without L.C.M« «*«• • 

^31 $8 52 __iL 

3x+5 si+rr^r^ 

L.H3.N-561^340-22Uand 
R.H.S.N--364+585-221 

The Sulfa applies straightaway* 


a e 


f « 


lo 
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(3xi.5)0U+n) •(4x-l5)(3x-7) 

/, 12x«-f-53x+55-l2x»-73x-Hl05 
.\\26x 50.*. *-*J 
Hotc: lit the second mclhod. nolc that 

Ni N,- D4-DaandN,«N4 . D*-D| fesls. 
The general forntula applicable id such cases is: 


m-n . p-q 

x+p x+n 


m-n p-q 
x+q "^x+m 


. (in-n)(q-p) ^ (p-q)(Q-m) 

(x+p)(x+q) “ (x-|-m)<*+n) 

As the Dumeraiors are the same. 

The iSS/rtf applies 
- (*+P)(*+q)-(x+m)(x-fQ) 

P+q-m—n 

2x-i+4x-i'3;rrT+ffifri 

m _6_ 24 _^ 


I 

X+U 


24 

12X-3 


12x - 


'Oax 


12x^6 l2x-2 *■ TS^*" 12X-3 

•*. In the Anal derived equatinn, 

L.H.S.N«24jand R.fl.S. Nisalso 24 

The iSfl/ft* applies. 

(/i)‘f'/Zoicnam’, i^.mereobservaiion too will suffice in this 
case. 

(5) 3 , 2 

3x+i+2x-j"3;:r:2''’5rH 

(I) Here the resultant N is the same I on both rides. 

Yes 

6*’+5x+l.Cx»-7x+2.*. 12X-I x-iV 

(«)or, bycfoss-mulliplicational the very outset and ^fiay<W 
■"iamiiccttye, 12 x- 1^0 

(fit 5 15 

5*+2 3x.M 5x+3+|5x+2 
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(iO or by cross-multiplication at the very outset and Sanya:n 
formula, ^ 

18x4-15=0.-. X--g- 

12x*+19x-f-7 , 12x*4-x4-3 24x-4-Hx4-13 , 5xH6x4j 

(9) -33[+4—- iS+r^ X-f-1 

A By ParSvartya division twice over- 

^+4“*" 4x-1 IS+1^ X+1 

12 12 12 12 

12x+16‘‘" 12X-3* I2x+r 12X-H2 
A By jSunyam Sutra, we immediately obtain: 

24X+13-0.-. X - - ^ 

Note: Tlic croM-muUiplication and *^rmya/rt' method is so 
ample, easy and straight here that there is no need to try any 
other process at all. The student may, however, for the sake of 
practice try the other methods also and get further verification 
therefrom for the correctness of the answer just hereinabove 
arrived at. 



fifteen_ 

Simultaneous Simple Equations 


Mere too, we have the general formula applicable to all cases 
under the*‘?flrflWf/>’a*5i4ira and also the special Sutras applic* 

able only to special types of cases. 

Tm Obnirau Formula 

The current system has a fairly satisfactory method—known 
as the cross-multiplication method—for solving of simultaneous 
simple equations, which is somewhat akin to the Vcdic 
yartya' method and comes very near thereto. 

But even here, the imforlunalc drawback 5»tm rea^ns ilmt, in 
snte of all the arrow-directions etc., intended to facilitate its use, 
the student, and sometimes ever the teachers of MaihemaUcs 

often get conftised as regards the pfw and the minw(+«id -) 

and how exactly they should be used; and, consequently, we find 
most of them pieferring-in actual 

tion method or the eUmination method by which f»“e ^ 

equations involving only X or only y-And this, o ,,|t, tu. 

not permit a one-line mental-method answer; and it entail, the 

«penditure of more time and toil* 
m Vedic method by thePdrawtryn rule enab_^ usto give 

answer immediately by mere menUl Anthmetic. Thus. 

2x-f-3y- 8> 

4x+5y»14 ) 

The rule followed is the ‘‘CycUc’* one. ^ 

(OFor the value of x. wc start with the y^effie«n^^^^ 
independent terms and cross-multiply l^o . • 6 

*e start fmm the upper row and two 

one. and conversely; and the our 

cross-products is always a minus. And Uus give 

tiumerator: 
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(/OFof finding liiedecomioaior, we go from the upper to% 

across to the lower one. i*. the x-coefficient but backward, 
tefiward* Thus, 

2x+3y- $> for the value of 3^ the Dumeralor ts 3x14- 
4x+3y.a|4 j 5xS-2; and the deaomioatoris 3 x 4-2 x 5-2 
In other words x—1 “ 1 • 

And. as for the value of y. we foUow ihc cyclic system, U. start 
with the independent terra OB the upper row towards the x-eo- 
efUcient on the lower row. So. our numerator is: 
8x4-14x2-32-28-4 

And note that the denominator is jnvaritUjly the same as before 
(for x) and thus we avoid the confusion caused in the cunent 
system by another set of multiplications, a change of sign etc. In 
other words,y-|-2 


* ■ ’1 • X - 

5x+2y-42j** 

andy — 

3x-4y-2 * 


and y - 


2 - 
35-42 -7 

-7 
^+20 22 
3-H8 II 
15-4 11 


5^4 

II “ II ‘ 


5x-3y-n 
dx-5y- 9 




-27+55 


andy - 


d6-45 


28 

"T 

21 

T* 


j llx+«y -281 . 

^ 7x-4y-IO/"* 


and y 


60+112 172 

42+44 ■" 86 
196-no 86 . 

“ 53 —sr 


A Special Type 

There is a special type of simultaneous simple e^juations which 
may involve big numbers and may therefore seem ‘‘hard” but 
which, owing to a certain ratio between the coefficients, can he 
tcadiJy, i4. menially solved with the aid of the SQtra ^ 
iSunya/n Anyaf) which cryptically says; If one i5 
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Anwample vvill make the meaning and the application clear. 

6X+ ’y *1 
i9x+My->®i 

Here we now that the y-coeUlcients are in the same ratio to 
each other as the independent terms arc to each other. And the 
says that, in such a case, the other one. namely, x-o. Tliis 
gives us two simple equations in y, which gives us the same value 

,rory.Tbusx=Oiy-f 


Look for the ratio of the coefficients of one of the un- 


quanlilies being the same as that of ihe independent 
terms on the R*n*S.; and if the four are in proportion, put ihe 


other unknown quantity down as zero; and equate the first un- 
known quantity to the absolute terra on the right. 

The Algebraical Proof \$ this: 
tt+by^bml 
a+dy-dcDj 
/. adx+bdy-bdm| 
bcx+bdy-bdm] 

.•.x(ad-bc)-0,\ x-UI 
and y-mj 

A few more iDustrations may be taken: 

(1) 12x+ 8y- 71 Here. V 8:Ifi:r7:14menially 

lfix+16y-l4] x-01 

andy-ij 

(2) 12x+78y-121 Here V 12 : 16 : :12:16 mentaUy 
I6x+96y-l6| Ax-H 

and y-OJ 

(3) 499x4-172y-2121 
9779x4-387y-477| 

Here 172 - 4x 43 and 387-9x431 The ratio jsthc same, 
and212-4x53 and 477-9x53 J 

.%X“0 1 

andy—H J 

Note'. The big coefficients of x need not frighten us I 
/f J.: This rule is also capable of infinite ext^on 
^ extended to any number of unknown quanlilies. 

Thus, 

(1) ax+by+cz-a *1 

f y=o 


and may 


bx+cy+az-b 
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(2) M+by+cz-cm \ .% x--0^ 

ax+*y+ft =fm i y=0^ 
nK+py+qz-<im) and z-mj 

(3) 97x+ay+43z-am ] x-0 

49979x+by+(p+q)z-bm i y-m 

49z(a-d)5+cy+(m-'n)*z»=cmJ andz-O 

MJ.jThecoeflicienls have been deliberately made big ^ 
complex but need not frighten ds. 

A Second SpeqalTy^e 

There another special of simultaneous linear equ^ions 
where the x-coefRdents and the y-coeiScient$ are found inter¬ 
changed. No elaborate multiplications etc., are needed here. The 
axiomatic Upasurra (^Sankalano’Vyinc- 

kalanibhy^*) which means *'by addition and by subtraciioc** 
gives us immediately two equations giving the values of (x+y) and 
^-y). And a repetition of the same process gives us the values 
of X and y I And the whole work can be done mentally. Thus, 
43*^23ylJ3| 

23x-45y- 91J 

By addition, dSx“€Sy- 68(x-yJ ^ 204 
And by subtraction, 22x+22y-220t+y)-22 /. x4-y-ll 
.•,*-2 y 
and y--!/ 

Ncfe: However big and complex the coeffidenU may be, there 
is no muitjplicadon involved but only simple addition and simple 
subtraction. ^ 

The other special types of simultaneously linear equations will 
be discussed at a later stage. 



SiXTE^!!___ 

ft/Iiscellaneous (Simple) Equations 


•jljffc arc Other types of miscellaneous linear equations which 
<an be treated by the VedicStt/Mj. A few of them arc shown 
below. 

FcRSt Tm 

Fractions of a particular eyeb'eai kind are Involved here. And» 
ty iht ParSvartya SStro, we write down the numerator of the 
sum-total of all the fractions in question and equate it to zero. 
Thus, 

I 2 3 

(T- i) <x- 2)+ (X - 2) (X- 3) + (x- 3) (x-1) “ ® 

Here, each numerator is to be multiplied by the factor absent 
from its denominator. This is usually and actually done every¬ 
where but not as a rule of meruci prartice. This, however, should 
be regularly practised; and the resultant numerator equated to 
zero. 

In the present instance, 

(a- 3)+(2x- 2)+(3x- 6) - -11 -0,% z “ V 
The Algebraical proof well-known and is as follows: 

p q I ^ - 

{x+a) (x+b)"^ (x-f b) (x+c)^ (x+c) (x+a) 

„ P(x-fc)+q(x-l-a)-hr(x+b) 

(x-ha)(x-l-b)(x+c) 

^ q+r)-Kpc 4 -qa+rt>) 

(x-f-a)(x-f-b){x+o) 

i,^-(pc-[-qa-frb) 
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Cacf) N multiplied by tlie absent number with sif»n . 

-N,+-N,+n;- 

As this is simple and easy to remember and to apply^ the ^ 
can be done wentaUy. And wc can say, x - V • 

A few more examples are noted: 

1.3.5 


0 ) 


.+ 


(x-I)(x-3)‘ (x-3)(x-5r(x-5)(x-I) '' 

• ,1 ^+3+15 23 

•• 1+3 + 5 " 9 

(Tny^+i)'^ (x+2)(x-4)‘'‘ (x-4)(x^j" 

• » - ®+^-* » 1 


^^\x-3)(x-4)''' {x-4)(x-9)''‘(x-9)(x-3)"® 
. .. 9+9+20 38 

•• 1+3+ S"”? 


A few disguised samples may also be taken: 
..s 1 . 5 , 3 

^‘•'x»+3x+2'^x>+5x+6 ''■x*+4x+3 '■*' 

/. mentally 

‘ S 3 

(x+1) (x+2)^ (x+2) (x+3)^ (x+3) (x+l) 
-3-5-6 -14 

TtTil-r 


^^ex'+Vx+i"^ ia>+7x+i gx>+6x+i 
/. mentally 

1 , 1.1 
(2x+l)(3x+l)'''(3i+l)(4,+l)+ (4x+|)(2x+l)"® 
.•.9x+3=0.*.x--J 

(x+3)>-2«+ (x+4)»-1«+ )x+2)»-lt = 

A menUJIy — ^ r ^ . 1_ 

(x+i)(x+5)^(x+5)(x+3)‘^5H:5rO^) 


MisceihitfOMs {Swip/e) Egiwhns 


14» 


W (x+TfO^^ (>c+3) (x+5)^ (x+5) Or+1) " T 
meuttUy 

14- 1 I 

(»+3)(x+5) ■^^5)(x+h 

-3 -15 -5 


(x+l)(x+ 3 ) 

•■■ (X+i^(*+3)+ ^3)'(x+5)+ ( r+i^f,+ i) -^ 

] 5 +l 5 -fl 5 -45 

•*•*" - 3 - 15 - 5 " 23 

x~5 X-4 3 

X 

-3 


: + 


(X- 1) (x-2)“^ (x-2)(x-3)‘'" <x-3>(x-l) 
-2 -6 


.'. mentally 


(X- 1) (x-2)’^ (x-2) (x-3)“^ (x-3) (X- 1) 
-6-6-6 18 
-2-6-3 11 

x-4 x-9 x-7 3 


. x = 


* A”» . X”' J 

(x-B)"^ (x-3) (x-^ (x-l).*' X 

.•.mentally 


(X- I) (x-S)"** (x-3)(x-6r Cx-6) (x-1) 
-.lj-lg-18 54 

‘ 27"^ 


x= 


-3-18-6 

- x-6 , x-8 , _ _ j_ 

(x-2) (x-3)‘^(x-3) (X-4)^ (x-4) (x-2) x+l 
„ -12 -20 
.. "“">»%(x-Z)(x^) (x-3)(x-4) (x-4)(x-2) 

-48-40-45 _ 133 

47 

45X+3I_L 

x-l 




- 12 - 20-15 
35 X +23 63 X +47 


J5X4-4J wx-r*** , - 

(ST-I) (7x-r)+ 0 *-n (^“) ( 9 x-tU>x -0 

. f35x*-I2x-23 , 1 , f63x--iax-_47^ ^ 

•• i(jx-i)()x-T) ' 

f45x- -l4x-31 . 1 0 

((9x-niix-i^ ^ 

t 6 . ^ _-0 

•■• (- ^x-i)(7; r:T)+ n 


V^ic Matlie$natiC5 




SrcoND Typr 


C 


A SCCQJWI iypc of such spcctal simple cqualions is one 

'« '-and 

D)ofllic dciiominalors ore ir Arjlhmciical Progression. Jv 
Siiira {Sop^ntyadvayamantyorh) which mean* 

“rheuliimnreand twice the pendtimate" gives us liie aosw^j 
hnmcdiateJy. for instance: 

I . 1 1 1 

(x-r2) (x+3)'^ (x-|-2)(x+4) ’ (x-l-2) (jt-f-S)"'’ (7+3) (J+S 
Here, according to ihc Siifra, L+2p (the Jast+twicc the 

penultimaie)»(x+5)+2(x +4)- U + lt=0/. x-4J 

The proof of this is as follows: 

(x+2j(x+3) (x+2)(x+4) (x+2)(x+5)‘‘’(5r+37(7M5' 
•• (x+2)7x+3} ^(x+2>(x+5)^ {x+3)(x+4j“ 


i 


x-r2 Ux+j; (x+5)} ^^+4 '{(x+2)(x+3)| 

Removing the factors fx+ 2 ) and (x+ 3 ; 

^ -I . 2 -1 

x-^5" ITT' t: 


I 


1 


L4-2P -.0 


The General Algebraical Proof is as foUows- 
_i_ , 1 I 

AB ^ aC*'* ad ’ BC 
Let d be the common difTefcnce. 

I 


AC*" ad"*’ B?^-('^**«rcA. B. CandD 


are in A.P.) 


• — * i I j 

• A(A+d) • A(A+2d) ■’ T^+Jd)'*’ (A+d)(A+2dj‘ 

A(A-rd) ^+3d) “ (■A+d)(A+2d)” A(AT2dr 

• tI-7—I ‘ ; -<J ) 

A l(A^d)(A-r3d) \ - X+2iflA(S+H) j 



, MISceUaniwts {Slmph) 


lOitS 


rt+^5= AD-'-flC 


^5" AD 

' 

S AD 
I JD-B 

-Jl 


BC 


1 

Sc 

1 - am 


But 
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- BD 

A, i, C and D are in AP 
D-B = -2(A-B) 

.•.-^- ^.•. 2C+D-0,i*. 2P+L-0 
A few more samples may be tr:ed: 

^*^x»+7x+i2'*’x*+8x+15 * XH-9X+18 ■^x*+Vx+20 
meotally 

I . 1 I . I 

(x+3) (x+4)‘^ {x+3) (x+5) "* (x+JXx+d)**" (x+4) (x+5) 
.*. 2P+L-(2»+l0)+(x+6)-O.-. X — SJ 


(iK+|) (ix+2)‘^ (2x+l) (4x4-3) " <2x+l) (5x+4)'^ 

1 

(3x+2)(4x+3) 

10 

2i>-ft-(8x4-6)-(5x-M)-Ux+10-0.% X - 


Thirp Type 

A third type of equation* are those where numerator and 

denominator on the L.H.S. barring tlie independent terms stand 
in the same ratio to each other as the entire numerator and the 

entire denominator of the R-H-S- stand to each other and ihpe 
can be readily solved wilh.the aid of the Up«su!rf> 
(dnijawreva) which means, ‘'only the last terms . i-e- the abso- 

luJc terms. Thus» 


A-ri 


x*-fx+l 

x«+3x-f3“x+3 _ ^ 

Here. (xHx)-x(x+l) and (x>-l-3x)-x(x+ ) 

a*. The rule applies, and wc soy; 

x +1 I . 

m “ T ••• 
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The AJgebrajcal proof h as follows: 


BC+E 


Aaother Algebraic proof is this: 

tSt?- - ^ A ABC+AE-ABC+BD 

A D 

A few more examples may be ukea: 
3x*+5x+ Z 3x+5 e 


• • 


B 

AE-BD 


0 a 


4.A4X.12.AX.3 


^, 2-2x-3x» 3x+2 2 

^^^2-5x-6x» “ Sf+5j 2 •• 

8U*H'108x+2 3x+4 2 . -18 

54x*+27x+5 *“ St+r" 5 11 

,,,58x>+8?x + 7 2x+3 71... ^ 

8v+u3x+ir “ ixTs" II •• 

.,M58x»+237xti ?x±3 4 . ^ 

^ '395x»-f373x+4 " 5x+6 ' T * 


ffj. 1"P» 2+pqx-p»qx» 
'^l-qx 2+pqx-pq*x» 



_(2i+3)* x+3 . 4x*+12x-f- 9 x+3 

^ ^(2x+5)»" X+5-* 4x*+20x4-25 x+5 “ 

^, (x+l)(x+6) x+7 
'*^x+3)<x+5) x+8 

. x>+7x+6 _x+7 g. 

••x>+8x+15 x+8 15 



ATore: By eross«multiplicatioii, 

(x+l) (x+6) (x+8)*(x+3) (x+5) (x+7) 

Hw. the loul of the binomials is 3x+15 on each side. Bu( 
It^SSnyani Samuccaye Sutra does nnt apply because che numW 

fh 2 L.H.S- and only ow 

on the R.Hi. UnVflj'erffw,’ i, the SSira to be applied. 

(*+9)-(x+3) (x+4) (x+5) 

Sjmy^Sa^ccm' W/ra does w, apply. The •Aniy«'^ 
formula 9«k-I_... ’ 



Miscellaneous (Single) unions 

rtf • X - 

,,.,«+2) (X+3) (x+ll)=(x+‘t) (x+5) (x+7) 

' Vbc caw J* exactly like the one above. 

rt +2)(X+3) _X+ i_ 6 . . -74 37 

.■.jj+4)(x+7) x+ii JT"* ^""ir 
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^iber type of special fraction-additions Id connection with 
jlmplc equations U often met w.ih, wherein the factors cf the 
nominators are in Arithmetical Progression or related to one 
aoother in a special manner as in sxmimation of series. These we 
can readily solve wdth the aid of the same *'Antyt^cr«y'<f' Sutra 
bet in a different context, and in a different sense. We therefore 
with this spedal type here. 

(1) The first subnotion of ihii type is one in which the factors 
arein AP.Thus, 

1 . 1 , I _ 

(x4-l)(x+5r (»+2) (X+3)“^ (x+3)Cx+4) 

The Sum tells us that the sura of this series is a fraction whose 
mwncraior is the sum of the numerators in the scries and whose 
denominator is the product of the two ends, i.e. the first and the 
lest binomials. 

So. in this case. S, T (,+i/(x+ 4 j 


The Algebraical proof of this is as follows; 

1 1 x+3't'X+t 

*‘+'«- (x+i)(x+2) + (ie+5)(x+Tr (x+i)(x+^nx^^ 

2«+2> _2-- 

‘fc*<Jecommator is the product of .he first and the Ust b-eomnU 

factors. ^ I 

Adding t, to the above, we have (x+5)P+^ 

. 2x+g+x+l ” ^ 
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Continuing this process to any number of terms, we find ih^ 
Ibe niimcraiOT continuously Increases by one and the denomin*, 

lor invariably drops the middle binomial and retains only ib* 
first and the last, thus proviog the correctness of the rule 1 q 


question- 

t. - 


1 


(x+l)(x+2) 

1 

(x+2)(x+3) 


I 

x+f 

1 

rR* 


I 

x+2 

1 

x+5 


and so on to any number of terms, 

The second term of each step on the R H-S. and the 
first terni on the next step of the L.H-S. cancel each other and 
that, consequently, whatever may be the number of terms we 
take, all the terms on the KMS. except the very first and tbe last 
cancel out and the numerator being the difference between ihs 
first and the last binomial, ibe only binomials surviving is tbe 
sum of Ibe original numerators on the L.H.S. And this proves 
the proposition in question. 

Afbw more iDusUntions are taken. 

(x+3)(x+4)''" (x+4)<x+5)‘'' 

^ (x+5k*+7) 

^^)x*-3x+2''"x>-5x+6 “^ * * * 

’ (x-l)(x- 2 )'^(x- 2 )(x^) 

s ^ 

^^x»+5x+4 “^x*+llx +28 ’ 

" ^+1) (x+4)“^ (x+4) (X-K^ 

• s < 

•• x*+l4x+13 

1 I 


(4) 


(x-ra)(x i-2a) ’*■ (x+2a) (x+3a) 


+ 


.•.$4 " 


(*+a)(x+5a) 



,\tiscfiI(Uit'oa5 (SiitipU^ £<pioih,t: 


\ ___1__ I 

(flrtnTpx+i) (3XTt)(5x+l) (jx+l)(7xTT)'*’'-- 

i. thpA.P. IS noU« rexpec. of the in*pei,<ie,rt .«mi. 

Wn(>.-nl<>ls as .n the pre^ous examples but in the x^oefRcieai 
.uilf.iu' this makes no difference as regards the applicability or 

” fT+iK^x+ir 

Tbe Algebraical proof of this Is exactly as before: 

’‘+‘«”(x+I)(5i^7r ’ "(x+O(7s+ If “"‘’*0 O'*- 

Tbc addition of each »><riV term avfomaticafly establishes the 
prapoiih'OD* 

l^e second Aigebraicd proof is sUgfitly different but follows 
the same lines and leads to the same resvlt: 

1 1/1 I \ 


(x+I)(3x+l) 


J_/ \ 1 - 

5x+i. 


Noti‘. The cancellations taJee place exactly as before, with the 
consequence that the sum-totaJ of the fractions 

-L (^) c 

" 2t D|XDe " DjXD^ 

which proves tbe proposition. 

(xH-a>(2x+3a)+ (2x+3a)(3x+3^ ' ‘ ’ 

Here, the progression is with regard to both the items in 
bMomlals, j«. che x-coefflcrenis and the absolute terms. But this 
^ makes no difference to the applicability of the formula under 
^ucushoo. 

. c ^ 3 

(x-ra)(4x-^7a) 

<^75=-^ ^ ■ 

(«+a)(5x-ha) (5x+a)(7x+a) 

3 


4 
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/«i_ * . 1 

(x*+x+lj (x«+ 2 x+ 2 ) ^ <?+ix+ 2 ) {x«+ 3 x+^+ •. 


SKiningly, there is a sliU greater difference ia the 

the denominators- But even this makes no differeace to .? 

applicability of the aphorism. So we say: ^ 

S * 4 

' (x‘+x+i;(x«+5x+5) 

Both the Algebraical explatiaiicns apply to this ca« also. AM 

we mayexiendihc rate indefinitely to as many terms and to at 

many varictiw as M«may find necessary. 

We may conclude this sub.seciion with a few examples of iu 
Wurajion to Arithmetical ntinibcrs: 

^^^7x8 175 ICxU’ ‘' 

In a sum like this, the finding of the L.C.M* and the molti* 
plications, divisions, additions, cancellations etc., will be lire* 
some and disgusting. But our rccognllion of this series as coining 
under its right pdttivulor ctassttcadon enables us to say ai ODce: 

Note'. The principle explained above is in constant requiaiion 
in connection with the “Summation of Series" in Higher Algebra 
etc., and therefore is of utmost importance to the mathematidaii 
and the statistician, In general. 


Fifth Type 

There is also a fifth type of fraciion*addiUons dealing ^ 
simple eQualions which we oftea come across, which arc coni^ 
Jed with the-'SuminationofSeri«s”»smthepfcviouslypeasd 

The ch*raeterislic peculiarity here is that each ntimerator is tin 

afference between the two binemial factors of iU denominator- 
Thus, 

( 1 ) _iZ^_ I b-c c-d 

(»+a)(x+b) •^(HbXx^c) + ^c)(x+ci3 +"- 


SifiiuU^ineous {Shtpte) Equations 




».,h .hcAleebraical cx^atiots hereof are exactly « before 

not be repeated here. 

x-y y-z , z-w 

(»+y)(‘'+*) (a+ 2 )(»+w) + • • • 


.-. S» ■= (a+x)(a+w; 

1_I 2 1 H 

(})ir;^(x+8r (x+8) (x+ior (X+IO) (*-r24) 

••• ^ = (X+7)(x+24) 

3 g 27 

<*^I+7)t*+ii>5 (*+l(^(x+l«) (x+19)(x+46J 

99 

^ (x+46)(x+i45)^ ■ ■ ■ 
138 

** " (x+7)(x+14S) 

a-b . h-c . C-d_ 

(px-haJCpx+bK (px+b)(px+er (?*+<*) 

* • * (px+a) (px+d) 

Not£: (0 If» instead of d, there be an a in the last wnn in this 
esse, the numerator in the answer becomes zero; and consequent¬ 
ly llw L.H.S., JO. the sum of the various fractions is zero. 

(fOThediffercncebetwecnthebinomial factors of the d«^ 
minatof in the LM S. is the numerator of each fraction; and uas 
«haracteristic will be found to characterise the R.H.S. also. 

(W)The note al the end of the previous sub-seetjon regar¬ 
ding the summation of scries holds good here too. 



Quadratic Equations 



ja i\\e Vwlic mathematic Siifras, ralcutuj corner in at a very 
eariystaje- Aj it so happens that iJilTereiitjal calculus is made 
we of in the Vcdic Siifras for breaking a quadratic equation 
do'xn ai sight iclo two simple equations of the first degree and as 
tre now go on to our study of the Vedic Sutras bearing on quad¬ 
ratic equations, wt shall begin this chapter with a brief ex* 
position of the calculus. 

Being based on basic and fundamental first principles relating 
lolimiliog values, they justifiably come into the picture at a \«ry 
early stage. But these have been expounded and explained with 
eoormous wealth of details covering not merely the Sutras them* 
sdvts but also the sub*ri?rrar.axioms. corollaries, implications 
etc. We do not propose to go into the arguments by which the 
calculus has been establish^ but shall contend ourselves with aa 
exposition of the rules enjoined therein and the actual 
aptrandi. The principal rules are briefly given below: 

(0 In every quadratic expresdon pul in its standard form, j.e. 
wth I as the coefficient of x*. the sum of its two binomial factors 
Hits first dj/rcFenlial. 

Thus, as regards the quadratic expression x’-5x+6. wc know 
its binomial factors ore (x - 2) and (x - 3). And therefore, we can 
once say that (2x-5) which is th3 sum of these two factors is 

*‘5 D^, i .0. first dj fferent I al< u • i kv 

(/O Tlus first differential of cash term can also be obtam^ ny 
*^“Ihplying its {Dhwaja) TO [Ohata), i-c. the po'^c 
^ {Afika, U- its coe/lkicni) and reducing it by one. 

"^hus. as regards x*- SxH*b 
^ gives2x;-5x gives -5; and 6gi>^« 

5 . 
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(^/ODcfiningtliedjscrimiMm aslhc square of tlw cocffic;^ 
of I he niiddJc term minus ihc product of double ilic Titti ^ 
double lUc independent term, tlic text then lays do> 
the vcf)' important proposition that the first diflerentiaj 1$ 
to the s<)uaTc root of the djscri/nifiont. 

In the above case x*—5x+d“0 
2x-5-±v^f5^-±i 

Thus the given quadratic equation is broken down at jjg|^ 
into the above two si mple equations, i e.ix — 5 -1 and 2s 5 «*. | 
/.x- 2 Of 3 

The current modem method dealing with its standard quadratic 
equation ax>+bx+c»0 tells us that* 

- b± v/b^-4ac This is no doubt all right, so far as it goes: 
^ 2a but it is still a very crude and dumsy way 

of stating that the first dilTerential is the square root of (he dis¬ 
criminant. 

Another Indian method ofaxdieva] limes welI*known as Shrec 

Sbrccdbarocharya's method ie o bit bolter thmt the currestf 

modem methods; but that too comes nowhere near the Vedk 
method which gives us (1) the relationship of the differenlial with 
the original quadratic as the sum of its factors and (2) its relatkoh 
ship with the discriminant as its square root I and thirdly, breaks 
the original quadratic equation, at9ght,into two simple equations 
which immediately give us the two values of x t 

A few more inustrations are shown hereunder: 

(1) 4x«-4x+l-(2x^l)(:x-l)-0/, 8X-4.0 

(2) 7x«-5x-2-(x-l)(7x+2)-0.-. 14x-5-±V8T=±9 

(3) x‘-Mx+10-{x-10)(x-l)-0.*. 2x-n-±V8r-±9 
{4)6x'+5x-3-0.-. I2x+5-±V97 

(5) 7x*-9x-l-0.'. I4 x-9-±v'T(» 

(6) 5x>-7x-5-0.-. 10 x-7-±v'T« 

(7) 9x>-I3x-2=0.-. 18x-13 = ±V24T 

(8) nx'+7x+7.0 22x+7-±vr25r 
ff)w*+bx+c.O.-. 2sx+b- +^/hnn^ 
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.wif>nofil»«Vcdic 5 i 7 irai denis also wSfk u. 
^‘rcwtorisaliom. factotiaU. repeated factors. «o„“ 

fJ„aii(-n»byni'»“sof“'«>">*fd fr^.ons etc. But just now 
,re concerned only wth the just hereinabove explained use 
^ thedifferentialcaloilos in the solution of quadratic equations 

relationship D.-iVtSTdiscrimiSwi. 
l^otberapplica‘ioMJ“*‘“'‘erredto will be dealt with at later 

-jTdscakuIusP^cthod is perfeclly general. |.e. it applies to a// 
or quadratic equations. There are» however, certain special 
^^of more easily and 

(fdl more rapidly solved with the help of the spcdal ^/ror 
sj^lic^le to them. Some of these formulas are old friends but 
(Q & new garb and a new set-up. a new context and so on. And 
they are 80 efficient in the fadlitating of mathematics work and 
}0 f^ucing the burden of the toil therein. We therefore go on to 
some of the most important amongst tliesc special types. 


First Speci/aTYpn 
{Reciprocals) 

This deals with reciprocals. The equations have, under the 

eurrent system, to be worked upon laboriously, before they can 

be solved. For example: 


(i).+4 


17 

4 


According to the current system, we say: 

. x*+l 17 
• “x““T 
.•.4x44-17x 
4x8-17x4-4-0 

(x-4){4x-l)-0.-. x-4orl/4 


Or 


17±V289-64 17±15.4^,K4 


v-Htc mnthe- 
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inaii 4 ». wc observe that Ihc L.H.S. is the sum of two rcciproc^ 
split the V R-H.S. into 4+} and at once say, 

X 4 . J- ,.4+f /. x-4ot 1/4. It is a matter ofsin^, 

observation and no more. 

<2) x+-^-^ = 5i.’. x-5ori 


x+1 


<3) j^+iX;.82/9=?J.-.^-9orl/9.-.x-ior-} 

(5) ^:-3ori.-.x.8or-8 


x+l 


(6) x+4-i|- 

Here the R.H.S. does not readily seem to be of the same sort 
as the pievjuus cuuDples. But a link ubscivalion will sulGce to 
show that V ^ ^ up into | + f 

X X“5orJ 

(7) x +x-i orf 

A 

-»-*+* ■■■ -±1-1-1 .-.x-Vor-V 

Here (lie contKcting symbol is a minui. Accordingly, we say; 
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,,fwiUsivcu5n<.l5but -‘onthe R.H.S 
•'• X'-Jor -} 

(IS * ' * 

In •he above examples, ihc L.H5. was of tht forai 
j. -t; and, consequently, we had to split the R.H.S. in to the 

' r 

same form a J 

And iHs, when simplified,-^ 


ii op-H 


In other words, the denominator on the R.K.S. had to be 
factorised into two factors, the sunt of whose squares or their 
difference, as the case may be is the numerator. 

As this factorisation and the addition or subtraction of the 
squares will not always be easy and readily possible, we shall, at 
a bier stage, expound certain rules which will facilitate this work 
of expressing a given number as the sum of two squares or as the 
difference of two squares. 


Second Special Type 

(Under rhe iunyam Samccaye Formuta) 

We now take up a second special type of quadratic equating 
'^hich the iSnyant Samuctaye SHtra can help us to solw, at sig . 
A son of problem w^ch the mathematicians all reg 
"Hard”! 

We muy dm remind the student of that portion of « ^ 
'^Pter wKcr^in, referring to various o«T«s 

Su/ra, we dealt with the easy method y 
sum of the numerator on the one hand an 
on the other cave us one root and the owncs 
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coce belwcen the numerator and iKe denominator on both sIh 
gave u$ another root, of the same qaadratic equation, We ^ 
not repeal aUofit but only rrfer back lo that portion 
volume ^d remind the student of (he kind of illustrative 
pics with which we illustrated onr theme: 


7X+I7 


I5x+12-0;or2x-l0-0 




16x^16-0; or 5x-0 




Third Speciau Tyfe 


There is a third special type of ((undratic equations which it 
also generally considered “very hard*’but whereof one rooth 
readily yielded by the same old fKcnd the **Sd/nya S*vnifccaye" 
SHira and the other is given by another friend—notso old.i.e, ihe 
•‘^Onyofft Anyai" Sutra which was used for a special type of 
simultaneous equations. 

Let us take a concrete instance of this type. Suppose ^*6 haw 
to solve the equation: 

2 3 4 1 

x+i’" x+r" x+i 

The nature of the chamcieristics of this special type nil! bs 
recognisable with the help of I lie usual old lest and an additional 
new test. 

The tests are: f+} ** and i-M «J-{-} 

In all such wses, formula declares that on? 

root 1 $ zero; and the *'Sun}<arrt Samjteaye" SiVra says* 

Dx+Dj - 0 2x+5 .*0 R - - 2 J 

The^braical proof Kewofis as foUows: 

^ (by simple division) = 1 - * ; and so on. 


, ' X+2 
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,,joniU tcnoval, -^+j^ ._+_^ 

. jy i\xe Sivutsccaye formuJa. 2x +5 ^0; 

,SW- In all these cases. yUokanam. i.e.mcre obsemtion gives 

^4 both the roots- 

few more illustration^ on his special type are given 

I , _1 2 , I 

(2) SiTfl" 3x*f 2”^ C+1 

1 . 2x . 


No"'- ■•■ r+s'‘"nTx®''^“°"' 


2* . 3x 3x , 6x 

•■•STT + STT"5rf5'*’5rri 


.*. X=0 

orbycfoss-muItipUcatioD I2x+5 or (36 xt-15)**0 
.•.X--5/12 

a . b a—c b+c 




x-ra x+b x-t-a-c 
x=0or -}(a+W 

a-b . b-c __ 

'^\Ta-t"'*‘x+b-c x+a+b x-b-c 

/. x-Oorl(c-a) 


x+b+c 


a+b 


b-T-c 


a+b 


b-hc 


a+c 


(^x+a+b "^x+b+c “xT2b x+a+c 
A x-Oor -|(a+2b+c) 


Fourth Specjal Ttpe 

And again, there Is still another 

which arc-harder” but our old friends Anyct 

■■PorS.,r,yc-' (Merger) can help «to pre- 

Apropos of I he subject-matter consider the 

ceding sub-section the 3rd special lyp^ 
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—5_. This may l<fok, ai ihe aw. 
equation x'+5 x+5 ' ' 

aUk«»bui r^aUy^sn‘?^a quadratic cquaUon of tj« l>«pe 

with in the previous sub-«ctioa under Sun.\'afrt Anyat ^ 

iunywn SSmya Samuccoye but only a simple merger because, 

only is the number of terms on tbe R-H^. one short of ihenueu 

ber required but also {+1=61. It is rcaUy a case under Sfwyay, 

Anyat and FarSvartya (merger). 

Here the test is the usual one for the merger process, 

N.+N, (on the L.H.S.) -N, (on the RJf.S-). Thus. 


S 

x+5 
By merger method 


X4-3 


2x+5«0 

»--2l 


x+2“*"x+3 


by merger, x-— 2 i 


A few true illustrations arc ginn below: 


xi-3 x+5 

Here Vl+!-V.-. Yes 
A By D.v,s.on2-j^+3-j^-5-^^ 

• x-0. This can be wrified by mere observation. 

x+S 

This result can be readily put down, by putting up eoch mimi’ 
ra/or over the absolute term of the denominator as the nume* 
rator of each term of the resultant equation and retaining the 
denominator as before. Or by taJung the square root of eadt 
numerator in the present cose. 

Thus t=2;i -3; and V»5. And these \sillbc our new nume* 
ratofs. Thus, wc have the newly derived equation: 

2.3 5 


( 2 ) 


X+i'^X+J x +5 

Bymsrgerx>=-2J 

-1+ -L 25 

x+l'^x+s'x+S 

Here-.- {+*.*1... 


Quadratic Eqttathns 


^ Vir 

Mch is the s»”« “ ^ “*« Preceding cases. 

.t-0or-2i 

iVr»K: In U« ‘wo cases, the first term alone is different and 
yO, siaee the quotients | and } are the same, therefore it make* 

50 difference to tiieresult; and we get the same two rootsinall 

titf three cases I 

6.4 4 

^^ST3'^3x+2“ 4xTT 

Here V l+l*t /. Ves x-0 

-or by division. ^ 3 + 5 ^-^ 


Note that 


2x6 d 3x4 . .4x4 

-j- =4s-5--6and 


and thftt Ihftv Are the new numeratrin fftr the derived npiaUon. 

74 24 4j> 

TS+IS' Ta^+F “ 15+3 •■• 

1,1 2 . 

" I2*+I8‘*'12jt+8“ I2X+3" 


Yes 


-1 


.-.By merger 

MB-iThe remaining examples in Uiii chapter may be held- 
over for a later reading. 




2c 
x+c 

. _L+-L = J- 

x+a^x+b x+c 

a-c . b-c 


Yes;. x=0 


a • 


Yes 

-0 


a—V , 

By merger 

bc+ca—2ab 

* • a+b-^ ‘ 

ai_b* . b»-c* a«-c2 
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. Yes • T ft 

lil«#A • • ■ , ' “ , _ . « I c* ,, X«0 

• a+b ^ l)+c a+c 



.*• Yes 


jTFa+b ' *+b+c x+a+c 

ra-b>rt)-c). n3-c)Cb-«) ^ . 

•. By nier^rUj 3,+b+c 


M+d"^ St+d" cx-fd 


Here by division, we have: d+ax) 1 (1 

T 




ax 

d 


a 


2c 


ax4-d ^ b*+d cx+d 

abc ahc 2«bc 

abot+bcd abcx+a3** abcx+abd 


I , I 2 

5;+b;"5; 


bed -abd . acd -abd « 


abex+bed abai^ud 
M{c- •> ^ ad(b-c) 
b(»+d) ac(bx+d) 
c—a b-c 


ax+d" bx-i-d 
>d+bd-2cd 
•c+bc-2ab 


AX 


r7^ 2±?^4. t«+3d 2cx+5d 
^'^ax+d +S+d" 

..2d . 3d 


cx+d 

Or by division 

_L . 2 ^ 

^+bed S5J+;3“" JES+Sd 

By merger,^ ( acd-a bd 




so 


Yea 


oa. 


0 
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„o 

.•• b5a*+3r 

ad4-2W-3cd 

.*. X *• bc+2ac-JaD 

htf mcftt division Parawtya at ihe very first step. 
d 2d ^ 3(1 

A 5Pfd K+S* “ cx+d 

which is the same as No. 6 su|>fa- 
ad+2bd-3c4 
* " bc4-2ac-3air 


CoNCLUDiKO Lin KINO Note 
(O n Quadratic Equations) 

Ifi addition to the above, there are several other special type 
ofquadratic equations, for which the Vcdic Sutras have made 
adequate provision and also suggested several interwiiag devices 
aod so forth. But these we shall go into and deal with, at a later 

Jwt at present, we address ourselves to our next appropri^ 
subject for this introductory and illustrative volume, namely the 
solution of cubic and biquadratic equations etc. 



glOHTEEN_ 

Cubic Equations 



We solve cubic equations in various wavs; 

(0wilhlhe.’vidoftheParawon5«»ra, Ihe lopc>u,.S,hiirm^ 
Silira, tlje ^<5ri^<u||uit formula {PSra.io-ApSrnSbh^m) which 
means “by the completion or non-completion'* of the square, 
the cube, the fourth power etc. 

(x7) by tlic method of Argumentatjon and Factorisalion as ex» 
plained in a previous chapter. 


Thb PDraijia Method 

Tlie Pura^a method is well-known to the current system. In 
fact, the usually^in-voGuc gcnenl formula >■ ^ 

for the standard quadratic (ax^+bx>f c >*0) has been worked out 
by this very method. Thus, 
ax^+bx+c-0 


Dividing by a. x* 

a a 


bx -c 
••• **+-!- — 


completing the square on the L.H.S. 
, bx , b* « , 


a 


4a* 


(*+ 5 ?) 


i b«-4ac 




- * + ST - 


b ±Vb*“^^ 


Ta 


-b±\/b*^4ac 
/. X - ia “ 

xkje inrihod of “comolciinff the square' is •hus 


weU- 
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ihc solving of quaJralic cquiUioftS. But this is only a 
a«d fractional application of the general formula which 
junction with the Pfiravartya, and Ihc Lopana-Sshdpana 
equally applicable to cubic, biquadratic and other higher-^* 
equal ions as wcl 1. 


COMFLfnKG TOE CUBIC 


Wilh regard to cubic equations, we combiac the 
Sintra as explained in the 'Division by ^or^or/ya* chapter 
Ihc Piirana sub-formula. Thus, 


(l)x»-€x2+lIx-6-.0 
x*-6x*--nx+6 
But (X - 2)’- 12x - 8 

Substituting the value cf x*“ 6x* from above, we have: 
(x-2)*--nxH-6+I2x-8-x-2 
Let X“2=y(and /. letx = y+2) 

y*“y A y-ocr ± l x-3orl or2 
S.B. : li need hardly be pointed out that, by argumenUtion rr: 
the coefficients of x*, x* etc., we can arrive at the same answer « 
explained in a previous chapter dealing with factonsaiioo by 
Argumentation and that this holds good in all the cases desli 
with in the present chapter. 


<2)x»+6x»+lIx+d-0 
xH6x> = -llx-6 

But(3[+2)*>x>+6*«+!23c+8--iix-6+l2x+8=x+2 

A y’ *y (where y stands for x+2) 
y-Oor ±1 /. X--2, -3or - I 
(3)x»+6x»-37x+30-0 
/. x*+6x*-37x-30 


(x+2)>-x*+d*»+I2x+8-49x-22 -49(x4-2 )-120 

^.B.:Thcobjects,toWng (x+2) on the R.H.S. and thus 
help to formulate an equation my. obtain the three roots and 


A y*-49y+120-0/. (y“3)(y*H-3y^40)-.nO 
/. (y-3) (y-5)(y+a)-o /. y-3 or 5or a 


Cubic Equations 




,,+9x*^-23x-15 

V (x+3)*-(^*+^*+^^^-27) -4x+I2 -4(x+3) 

V y»*=4y /, y *“0 Of ±2 /. X“-3 or - J or -5 

/ox*+9x»+24x+16=0 
' . x*4.9x*--24x-16 

/! (x+3)**(xH9x*+27x4-27)-3x+11 -3(x+3)+2 
... y>-3y+2A >4-3y-2-0 
A (y+I)*{y- 2 )- 0 /. y--i or2;x--4or -1 

(6)x»+7x*+I4x+8-0 

x*+7x*--l4x-8 

A (x+3)»-(x»+9x»+27x+27)^2x*+13xH-19- 

(x+3)(2x+7)-2 

A y*-y(2y+l)-2A y’-y(2y+I)+2-0-(y-I)(y+l) 

{y-2) 

A y**l or - J or2 A x--2or +4or ±1 

<7)x»+8x*+I^+IO-.0 A xH8x»-- I7X-10 
A (x+3y-(x»+9x*+27x+2?)-x»H-10x+l7= 

(x+3)(x+7)-4 

A y*-y(y+4)-4A y*-y*-4y-4-0 a y-l or±2 
A x^-2or - I Of “5 

(8)x»+I0xH27x+18-0 

Now A (x+4)»-(x»+123C»+48x+64) 

Heuce the LJl.S.-(x-j-y)*-(2x*+21x+46)-(x+y)* 

{(x+4){2x+l3>-6) 

A y*-y(^+5)-6A Cy-0(yH-2)(y-3)-o 

.% y-l or -2or 3 
/. X- -3 or -6or — 1 

Expression* of the form x>-7x+6 can be spUt into 
jc»_I_7x+7elc and readily factorise. Thi* is always appUc 
able to aU such cases (where x' is absent) and should be fblly 

'^'l^e'* Vfirepa method explained in this chapter for the solution 
of cubic equations wiU be found of great help .nfactorwaUon; 


Complex Mcrficrs 


J37 


15 


IS 


IS 


IS 


W**' i5x+ 6 15X+9'" 15x4-2*’ ISc+5 

/. The resultant numernlof on both iiidcs is 45. 

*. The Siltm applies. 

1 0^54 -'14 II 

15x ^ ^ _ _ * * 

(/Oor,bycross.m«I(ipUcalionailhe very outset and SSj>t-am 
tic., formula, we get 30x+11 and i50x+55 on the L.11.S and 
ilie R.H.S. respectively; and thenumerical factor 5 being re- 
moved, both give us 30x+11 +0 x » - JJ 

^ 2x+llj^6x+U 4x+4 . 3x+l9 

v_L< ~ ^ " "n_ .-r + 


x+5 ^S+J “S+T 
(0 A By Paravartya division: 

I 2 , 1 

2x+3 2x+1 

2 2 2 



2 x +10 2x+l2" S+r 2x-f3 
4 is ihe N on both sides of the derived equation 
The 5t7r/tf applies. 

(2x+l0) (2x4-I2)-(2x+I) (2x+3) 
.,,.3-120 -m 13 


X • - -r 


IS IS 4 

(iO or by cross*muItiplicalion at the very outset and ^unyap 
Sutro, we have 


4xH-l3-0 


^la 


n, 2x+n , 15x-47 9x-9, 4x+13 

JA^ X^3 


3x-10*'5x^ 
(OA ,-4-rr-i- ^ 


10 


3x-4 

3 


+ 


3x4-9 

3 


3x4-15 ^3x- 

. 3_ 3_ 

•• 5x+T 5 “ 3x4-9" 3x-4 3x-I0 
In the resultant equation, 


— IS is the numerator on boili sides. 
The SGtrrJ applies. 
(3x+15)(3x4-9)-(3x-4)(3x-l0) 

Jn * r 


I^ineteen__ 

Biquadratic Equations 


rbt prcw^nm -PSmw etc., expounded in ibo previous chapter 
tor (he soluttoD of cubic equations can be equaUy weU appUedin 
tbc case of biquadratics «tc ., too. Thus, 

(1) x*+4x*-25x*-16x+$4 = 0 

x*+4x»-25x*+I6x-84 
/. (x+l)**x^-f-4x»+6x*H-4x+l 
-.(25x*+Idx-84)+(6x»-h4x+l)-3Ix>+20x-83 
-(x+l)(31x-11)^72 
y*=y(31y-42)-72y*-3ly*+42y+72-0 
y--!, .1, 4or -6 
X--2, 2,3 or -7 

(2) xHSxH I4x* - 8x - Id-0 

x<-j-8x»--14x*+8x+l5 
{x+2)<-xH8xH24xH32x+l6=10 x*+40x 4-3I 
-(X+2) (IOx+20)- 9 - 10(x+2)*- 9 
/. y<=10y*-9 y*+l or9 y=±l or ±3 

X - — I or- 3 or I or -5 

{3)x«- I2 xH49x«-78x+ 40-0 
.% X*- I2x»- -49x*+78x-40 

(x-3)^ -X*- I2x»+54x*- I08X+8I 

“5x*-30x+4I=(x-3)(5x-15)-4=5(x-3)‘-4 

.•.y*-5y»+4-0.-. yt-lof4/. y-±lor±2 

X - 4 Of 5 or 2 or I 


(4)x*+Jex>+86xHI76x+l05-0 

x‘+I6x>--86x«-176x-105-0 

••• (x+4)*-x*+I6x»+9&“+256x+256 

- I0x«+80x+lSl -(x+4) (lOx+40) 


9 


= lO(x+4)’—9 



/ 
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y'-lOy'+S-O.-. y'-lor?.-. y-±ior ±3 
X--3 Of - 5 or - 1 or - 7 

(^**-l6x»+9lx*-2l6x+180-0 
.% x*-l6x*--9Jx*H“2l6x- 180 
/. (X“4)*-x*-l6x»+96x*-256x+256 
-5x*-40x+76-(X-4)(5x-2C^-4-5(x-4)*-^4 
y^-5y*+4-0/. y« = Ior4/, y*-d;lor±2 

x-3 orSor6or2 

(<9**-^»+I37x>“382x+360 -0 
x‘-20x»--137x»+382i-360 
.% (*'5)«-x*-20x*+l50x*-500x+625 
-I3x»-I18x+24S-(x-5)(13x-53) 
y‘-y(>3y+l2)/. y-0cfy»-l3y-l2-.0 
y-0or(y+l)(y+3)(y_4)-0 
y-Oor -1 or -3 or 4 
/. x-5,4,2or9l. 

A^o/«:Thc student need hardly be reminded that all these 
examples which have all been solved by the Puroffa method 
hereinabove can also be solved by the Af^menfation-cuni* 
factorjsaiton method. 


A Special Type 

There are several special types of biquadratic equations deah 
with in the Vcdic Sutras. Bui we shall here deal with only one 
such special type and hold the ethers over to a later stage. 

This type is one wherein the L.H.S. consists of the sum of the 
fourth powere of two binomiais and the R.H.S. gives us the 
equivalent thereof in the shape of an arithmetical number. The 
formula applicable to such cases is the (Pyafp* 

Sama^ti) Sutra or the Upme^SthSpana one which teaches us how 
to use the average or the exact middle binomial for breaking the 
biquadratic down into a simple quadratic by the easy device of 

mutual cancellation of the odd powersJ.e. thex*aadLx- 

will suffice for explaining this 


(»+7)*+(xh-5)*-706 

Leix+6 average of the two binomials-a 


Biquadratic Equations I 

•/ owing to the canccUfilion of tlic odd powers x* anri * 

2a^+I2a*+2-706.%aH6a«-352io ’ 

fti-]6or “22/. a«±4or±v^r^ 

.*.X“ “2 or —10 or 

iVJ.: In simple examples like tlus, the integriU roots ate small 
ones and can be spoiled out by mere inspection and Ihe spliidog 
up of 706 Into 625 and 81 and for this purpose, the yilokanam 
method will suffice. But, in cases involving more complex numb¬ 
ers, fractions, surds, imaginary quantities etc., and literal co¬ 
efficients and so on: Vihkanam will not completely solve the 
equation. But here too, the formula will quite 

serve the purpose. Thus, 

The General Formula will be as follows: 

Given (x+m+n)*4-{x -hm - n)* - p 


aH6a« + 




* a<- 


-6iv^6-4n*+2p 


a 


i 


6±v^6-4n«+^ 

-5- 


•*—n.± y-6±V36-4n»+2p 
Applying this to the above eaaraple, we have_ 

,.-6± yp^- 6 ±y^ 

— 6{±VTror v^)— 


which tallies with the above* 

MB.: “Harder^* Biquadratics, Panties etc., 
later. 


will be taken {up 


>lultiple Simullaneous Equations 



solutjoa of simulujjious equations in. 
r.o« unkflQv**05. Tns Lopana»Sth3pana Sutra, 
^i,{r^'^p}sSu:rati:dth9Pa/S7ari}aSuira are ehe outs that 
TSSifci cf for this purpose. 

Foot Type 

1 -tie £rn‘.> 7 ^ we h&vs a significaot figure on th: RJJ.S. in 
one scaitioa and zeroes in the other two. From the homo- 
2 eir;ns zero equation Sr ve der7^‘e new equations defining two of 
dennlinowrJifl terras of the Uiifdj wc then substitute these 
'.il-zr* in tie third equation; and thus we obtain the values uf all 
tie •^•ee nrjcr.owns. 

A£»:-d rae'Jiod 15 the judicious addition and subtracUon of 
pny^rd'ir.tis ranltjpJes forbringiag about the elimination of one 
c±:5sr. ar.d tha retention of the other two- 
L-cith these melhcds, weean make our own choice of the 
crriiysn to be elirainatsd, the multiples to be taken etc. Thus, 

(A) 

4z-57^2z-0 (B) 

5x-r2y~z-lCr (Cj 

(OA-rC gives us 14x^3/-10; .% lOx-10 

gives us: 6x—3y*0 j /. x-* H 

y- 2l 

and 2-3] 

<ti} frera we have x«f y -2 1 

from B, we have 4 x- 5y- - 22 J 
A By f'cra7Grtya, 7. - J z; and y ^ 12 
A hylubttliution in C 2 -fl{z-r2-I0 z-^j 

x-l> 

and y*2j 
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(2)7y-IU'-2.<-0 
Jy- 7z-6x-0 
3x4-4y+5r-35 

(0 Adding B and 2C, we have l6y*f32-70^ 
Subtracting B fro m 3A, 13y - 26z 0j 

Substituting these values in C x *3 

(<»•).•. 7y-llz-2x I y= 

8y - 72 • 6x I and j. m m {x 

A 3x+5Jx4-31x» 35 x-3 

y.4 
aRdz»2 

(3)2x-3y+4z- 0 ... (A) 

7x+2y-6z- 0 ... (B) 

4x+3y+ 2-37 ... (C) 

(i) A+Cgives usj 6x+ 5z-37 \ 

2A+3B gives us J 25x-102 - 0/ 

A *“fiJ-2;and2 = fff ^5;andy-g 
From (A) and (B) we have 

Wa ^3y+42--2x‘i 

»,62--7x| 

-40x 




2y 




-10 
2Jx 


4x; and 2 -.^^ 


-10 


4x+I2x+2}x-37 x-2;y-8;and2-5 
Second Type 

figure 

7»+3y-52. 3 I B 

9x+10y-ll2„ 4 :;• I 
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SimuUnMiyu^ 

(I> 377 n.l}" (I 

. ‘'Hx l*l 2 y— ZOi—I21 

;.id57x-:-30y-.^3.- m\ M3.- 0 

,I,vine ‘derived Uvo equaUensof 11 ,j, kmd^ 

. I iype* "'p Jifsi method under that 

and. after a lot of big tiiuliipljwtion.s, sub tract tons, 
adailions and divisions, \ve can obtain the nns;vcr: x^-2, y .-3 

aad z®*** 

(/V) Of, adopting the Ttf^f method adopted in the Uji *ub»«ction 
«<haw: 

/. 3y- 52®3-7 x1 
and I0y“llz=4-9xJ 

.’. Bycross^multipJicatioD, 
y » ■’20+ ^5 x+33-77x 32x-l3 


lod z • 


-17 17 

30- 70x-12+27x 43x^18 


2x^ 


-17 17 

128x^52. 387X-162 


28 


17 17 

A 34x-I28x+52+387x- 162=476 /. 293x-586 
A x-2;y-3;andz-4 

This method too involves a lot of clumsy labour* 

(///) or. adopting the Lopana-Sthapona method, we say: 
C-A—B gives us Uy—152^ — 27*1 
and9B-7Cgives us-43yH-32z = *- l| 

A y^B, Z“4 and X“2 

(2) x+2y+32-12 


-12 ... A) 
-18 ... B } 
-24 ... C) 


2x+3y+42 
4x-h3y+52 

(0.-. 24x+36y-|-48z»2l61 . 

18x+36y+547.-2l6f •• 

SimiIarly48xH-36y+60z-2881 /. 24 x-I 2 y-12x"0 
24x+48y+72z-288; A 2x- y- *-0 
A X *y-z-2 

('■<■).•, 2y+3z - 12-x; and 3y-r47 = l8'-2x A y ’6-2x: 


and z 


X 


• • 


X ..y-2-2. 
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(/»*) 2A-Bgimu5: y+22- €'i 

2 B~Cgives U5J 3y+3z-u3 and 

or(/r) by mer< observation. 

(3) *+2y+32-U ...A) 

2X+3y+4z»20 ... 

3x+ y+ 62-23 ... C) 

/. 25x+«y+562 - 2801 /. 8x+ 2y- 4z-0’ 

20x+40y+602^2801 | 

and 42x+l4y+842«-322 f - I9x^32y-hl52-0' 
23x+46y+69z-322. 

and so on as b^ore. 

(^0 2y+32*-I4- X) .% y*,60-6x- 

3y+4x-aD^2xf z,42-3x- 


/. y-2‘ 
z- 2 : 
andx«2 


>« 60 - 6x-56+4x-4- 2x 
Z’»42- 3x-40H-4x-x+2 


• • ^**r'^”2x+5x+l2<^23 X* 1, y*2 and z **3 
(jVi) 2A-Bgivesaj: y+2z- SI A y^2) 
aiid3A-Cfijvnus:5y+32»I9j z-3[ 

z-»l) 


(4) x+2y+3z«ll ... A) 

2x+3y+4z.I6 ... fif 
3* I 5y f 6s-25 ... c' 

(i)(I6x-,’.32y+48z)-(22x+33y+44^«*-6x-y+42-0 1 

and (33x+55y+«2)-(25x4-»y+752)-8x+5y^92-0 J 
and soon. 

(/f)A 2y+32-lJ- xl . 

3y-^4i- 16-2xf *° ®"’ «*>«•<>'«• 

m *+y+i-Sl /. y+2,4;aiidx+z-3 
andx+2y+2z-9/ x-l,y_2and 2-2 

In all (hesepiotesses. there is an element, more or less, ol 

under and fit satisfactorily into the Vedic category. Methodj 
«^unded ,n Vedic Mtrnr and free from the ^ draSS 

fa^rSrge'*'’ ‘’fwiUbeexplamed^s 


Simultaneous Quadialic 

gqiiatioiis 


^Sutras needed for Ihe solulion of simullaiicous cjuailratic 
rtWiioas have praciicaUy al! been explained already. Only iltc 
^ual appUcation^ procedure, devices and moiliis opcrandli\Kn- 

of have to be explained. Thus, 

m x+y-51 x*+2xy+y»=251 (x-y)»- I 

&xy-6j 4xy -24/ x-y K.±l 


4 • 


X* 


21 x=31 


This is readily obtainable by Vihkanain (mere observation) 
afld also because symmetrical values can always be reversed. 


(2) x-y=i 


} 


Note the minus 


-y = 11 ^^=310,-2 

andxy-6J y=2J -3 
{3)5x- y-171 25x*-10xy+-y’-2893 (5x+y)‘=529 

andxy=12X and 20xy -24oX 5x+y-± 23 

I0x=40 or -6 x=4) ^ 

y-3 


N.B.: (1) Wlien the value of x or y has been found, xy at once 
gives us the value of the other. Thus, if, here, x-4, y-3, no 
other substitution etc-, is necessary. 

(2) One act of values can be found out by ^ 

(3) The internal relationship between the two sets of 
be explained later. 

(4) 4x - 3y = 71 x - 4 and y - 3 by mere 

andxy..l2/ , Sx-32or-18 

(«)(4x-3y)*-49 4x+3y-±25 .. 8x 


observation 
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Ve^c \(alhfmaiic 5 


A x»+*y+y».197 
x-y- il an<lx*-2xy+y*- 15 ••"y 

/. x -37 -2 7 

(^**+y*-6 l)/. x>- xy+y*-611/. 3xy»-60.*. xy=.,^ 
x+y- If x*+2xy+y*>* l/.% *-=$ 7 -47 

There IS plus si^n aiJ through. Therefore it caa all be 
almply reversed, i<. one by Vilokanam and the other by reversal. 
(7)x+y»4 1 

and *»+xy+4x-24 f W®/ yihkanam, x-3 and y-| 
Secondly x(x+y)+4x-8x».24 x-37 

y-lj 

(«)x+2y-5 . 

'U»dx»+3jiy+2y*+4x-y 10/ 

(x+y) (x+2y)+4x- y - 5x+5y+4x- y - 10 
.% 9K+4y-. 101 
Butx+2y- 5/ 

By A^rovortya or hy ^Onyaffi Anya/ x^O&y»24 
(9)x+2y-3 


and x*+3xy-2y>+4x+3y •O 
(x+2y)(x+y)-4y*+4x+3y-0 
/. 5x+^-4y*+4x+3y-9x+8y-4y*-.0 
/. 4yS+IOy-45-0 /, Sy+IO-iVSiO" 

... v,4, V^-10 _ 

^ 3 

x- i^Tvsr 

2 


(10) x+y 

3x*+y* 


' ' 19 


..«*4-y»-(x+y)(3x.3y) 

> 9 ) 75 - lSy'Ji5y+4^1tr 

.•. 4yi-30y+S6.=0 

.•.8y-30.±V4--±2.-.8y-32«28.-. y-4or 3il 

(10 x‘+3*-2y-4 J.7,. « aDdx^lorljJ 

2a--3x4.3y._2 Jv 



QiioiIrotK /Cquatioru 

5y-y'-l 25-10y-y»=l 


lei 


.- . y - . .. -v .V 




.Ji;. - 
.3(.-. 6x+9y 


iix+aiy-iy*- 31.-. 
-3y*-l2j;. 


or -121 
or +171 
y*-2y+l-0 
ya^l andx«l 


«("’‘'*»+S'3 i ••• 3x«-6j+3-0.-.x-n 

aod y -1J 

xv-2 V- ‘»x+y+2y’“7 -•• 8-3y+2y>-7 

<'«*ii:;42*+3y.7}.-. 2y*-3y+’=°--y:!)<.r,j j 

(15)&'+xy+J*- ,*} .-. x*+y»=5 

jji_xy+4y‘-n3 

And by cross-maltiplication 

17xy+ 17y> = 24x»- 8xy+32y> 

.rte42^-15y»-0.-.2x«+5xy-3y*-0 
Vo,+3y)(2x-y)-0.-.x--3>ofiy 
Substituting in x*+y“-5, we have 
9yt+y9-5or|y>-5 4. y*-tor4 

.•.y-±;7|or±2 

«.d.-.x = ±3vT oriW^iSor*!- 

ff.B.: Test for the correct sign plus or minus. 

{lS)2x>+ xy+y-77l.M84x‘+ 92xy+My=l5<x«+23Uy 
' \*+3xy -92J.-, 30x»-139xy+92)r*.=0 

(5x-4y)(6x-23y)-0.-. x-«yor»^y 

By Ful^Ututton, 
y = ±57 2±V6/7 

x=±4j“ y±vr _ . ,, 

(17) 3x‘-4xy+2y- I).-. By subtraction, 4x*-4xy+y- 

y*-X» -15J.-, 2x-y-±4 

.-.By substitution, 4x*T l®i+l6-x>=-15 

3x«Tl6x+3!-0&soon. 

(18) 2**-7xy+3y- 0\.-. *-3y«rly^ ^ 

x*+xy + y-lSj.-. y-±'lorii^l 

andx=±3j ±2V?J 
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X 

y 


-±i) 

-ill 


(19) 3x*-4xyT2y^- I X 
' ^ yi^x* *0J /.3x2-4x*+2x*-l 

or3y*-h4y*+2y**I /, y = ±i\. 

andx»±JJ * 

(20) x«-xy-12yn. 

.•. By substitution, 17y*=68 or lOy'^eS 

/. y»±2or±v1375 

au<ix»±8or ±3v'5475 

(21) X*- 2xy+y‘ = 2x- 2yH-3? 
x*+xy+2y***2x- y+3i 

(i) By iSunyam Anyat y-0 
Lctx-ya A a*-2a-3*0.\ a-3or -1 
/. x-y-3 or -1. 

Now» substitute and solve, 
or (if) By subtraction, 3xy-l-y*—y 
A y»0or3xH-y-l 
Substitute and solve, 

N3 ,: The Sunyant Anyat method is the best. 

(22) 3x*-h2xy-y*-0 1 
x*+y'-2x(y+2x)l ■■ 

Substitute and solve 
or («0 By transposition. 

-3x'-2xy+y*-0 

This means that the two equations are not independent: an. 
tterefore,anyvaluemaybe»vento yand a corresponding k 
or values will emerge for x I t 6 

quadratics will be taken up at a late 



factorisation and Differential 

Calculus 


lo this chapter the relevant Sutras (Ou(iaka-Samuccaya etc.), 
dealing with successive differentiations, covering Leiboia’a 
theorem. Maclaurin’s theorem, Taylor’s theorem etc,, and given 
a lot of other material which is yet to be studied and deeded on 
by the great mathematicians of the present^ ay western world, is 

ilso given- 

Without going into the more abstruse details connected here* 
vdth. we shall, for the time-being, contend ourselves with a very 
brief sketch of the general and basic principles involved and a 
fjw pertinent sample-specimens by way of illustration- 
The basic principle is, of course, elucidated by the very nomcn* 
clature. i-e- the Gu^aka-Samuccaya which postulates that, if and 
when a quadratic expression is the product of the binomials 
(x+a) and (x+b), its first differential is the sum of the said two 
facton and so on as already explained In the chapter on quadratic 

equations- , . 

It need hardly be pointed out that the well-known rule ot 
differentiation of a product, i.e. that if y- uv. when u and v be 

thefunctionsofx,^-V g.+u ^and the Out^aka-Samu^ 

denote, connote and imply the same mathematical 

tralh. 

Let us start with very simple instances: 

a b 

(1) x*+3x+2-(x+1)(x+2) , , 

D, (the first differential) -2x+3=(x+2)+(*+'^ 

a b c 

( 2 ) x»+ 6 x *+1 ix +6 - (x+ 1 ) {x+ 2 )Q +5 . , 5 . , 6 ) 

D,-3x‘+I2x+n-(x^+3x+2)+{x +5X+ ) 

+(x*4-4x+3)-ab+be+ac=SaD. 
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• Dj-6x+I2-2(3x+6) .2[(x-f-l)-|-<x f-2).|-(x+3\» 

= 2 (a+b+c )-2 2a = |2j4 ' 

(3) x*+IOx*+35x»H-50x+24-(x4-l)<x4-2) (x+3) (x-M) 

,% D, -4x»H-30x»+70x+50 • labc 

D,= 12x*+60x+70-22:ab = [2Jab. 

D, - 24X+60 - 6(4x+10) - P 2a 

(4) x»+15x«+85x»+225xH 274x +120 

-(x+l) (x+2) (x+3) (x+4) (x+5) 
Dj-5x*+60x*+255x»+450x+274-2abcJ 
D,-20x»+J8(h*+510x+450-(^2abc 
D,-.60x*+360x+510=|3 2ab 
M 120x +350 - 24 (5x+T5) - I4_2a 

(5) x*+19x*+ll6x*+284x+240-(x+2)(x+3){x+4) (x + 10) 

D,-4x»+57x»+232x+284-2abc 
/. Dj-12x*+n4x+232-|2 Sab 
A D,-24x + U4-6(4x+I9r-|3j:a 

These will sufiW* to show I he internal relationsiiip 

subsisting between the faeton of n polynomial and the successive 
djlTcrentials of that polynomial; and to show how cosily, on 
knowing the former, we can dcrirc the latter and vice versa. 

There is another relationship (oo in another direction whereia 
factorisation and differentiation ate closely connected with caeh 
other and wherein this relationsliip is of immense practical help 
to us in our mathemalicaJ work-And this is with regard to the 
use of successive differentials for the detection of repealed 
factors. 

The procedure hereof is so simple that it needs no elaborate 
exposition at aU. The Mowing examples will serve to show the 
modus operandi in question: 


(I) Factorise x*'4x*+5x -2 

D, = 3x«- 8x+5 - (X -1) (Jx - 5) 

Judging from the to and the last coefficients of E the given ■ 

predion, wc can rule out (3x- 5) and keep our eyes on (x- 0- 

V wehave(x-n« 

• • According lOiheAdyamAdyenaSSlraE^ix-lYlx-- 


% 



lactofiAu* 4^t uuu Cahuht 

sc I2x’- l5x-4 

rt, Facwrisc x‘-6x’+13*— 24 k+36 

. 0,-4x>- I8 x«+26x-24-2(2x>-9**+I3*- 12, 

••-2(*-3)(2x»-3*+4) 

. D,=. 12*»- 36X+26 (which has no mional factonl 
Ve.(x-3)*(x’+4) • •* 

/I) Factorise: 2x‘- 23x*+84x*- 80x— 64 
' D,- 8 x*- 69 x’+I 68 x -80 

"• D.-24x’-138x+168 - 6(4x’-23x+.28)-6fx-4)(4x_7i 
D,'=48x-138 - 6(8*-23) 

D,-6(x-4)(4x-7) 

D,-(x-4)*(8x-^ 

.•.E-(x-4)>(2x+I) 


(J) Resolve x*- 5x^- 9x*+81x-108 into factors. 

A Di-4x»-15x»-l8x+8i 

A Dj-12x»-30x-18=6(2x*-5x-3)-6{x-3)(2x+1) 
A D,-24x-30-6(4x-5) 

.•.D,=(x-3)(12x+6) 

D,-0x-3)*(4x+9) 

;.E-(x-3)*(x+4) 


(6) Resolve 16x*-24x»+I6x-3iDtofactoR. 
D,=64x»-48x+l6-16[4*»-3x+l) 

D,- 192x»- 48 - 48(4x*-1) =48(2*-1) (2x+l) 
D,=384x 

D,=(2x-l)(96*+48) 

D,-(2x-l)»(x+l) 

E=(2x-l)>(2x+3) 

<7) Resolve *«-5xH10x»- 10x*+5x-l 


D,-5x«-20x»+30x>-20x+5 

-5(x«-4x»+6x*-4x+0 . , ,, 

l>,= 20x»-60x*+60x-20 - 20(x*-3x + 

D,-3x*-6x+3-3(x>-2x+1) 

D4=6x— 6-6(x—1) 
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• D,-3(x-0* 

V D,=4(x-lf 

...D,-5(x-0‘ 

«) Factorise x»- 15x’+ 10x*+60x - 72 
^ • D.-5x‘-4Sx»+20x+60=5(x"-9x»+4x-I2) 

• D,=20x»-90x+20-10(2x*-9x+2) 

A D,=60x*-90 - 30(2x*-3) 

A D4-12OX 
A D,-20(x-2)*(x+l) 

AD,=5(x-2)»(x+l)(x-f-3) 

AE=(x-2)»(x+3)* 

Many other such applications are obtainable from the Ve& 
relating to (Ca/«7n^Arn/dno)^Di1fereQtial Cil- 

cuius. They are, however, to be dealt with, later on. 



j 


twenty-three 

Partial Fractions 


AjioctKT sotjectofvery great impotiance in various outhemati- 
cal operations in general and in Integral Calculus in particular it 
“Partial Fncriont*' for which the current systems have a very 
cufflhrous procedure but which the 'Farffwtya' Sutra tackles 
vety quickly with iU well-known mental one-line answer process. 

We shall first explain the coirent method; and, along^de of 
it,we shall demonstrate the ‘•FarSKtrijut" SOJra ^plication 

tbeieto. Suppose we have Co express 
shape of parUal fractions. 


The corrent method it as foHows: 

3xHiat+U _ A \ + ^ 

(x+l)(x+i>(x+il ^ ^ 

3x»-H2x-Hl 

*‘(x+l)(x+2)(x-f3)’ , ^ 

A/it-l-5x+ft.>.Bfi' -l-*x+3)-^X +3X+2). 

-(x+l)(x+2Kx+ir “ 

x*(A+B+C)+x(5A+4B+3C)+(6A+M+^^^j^^ 

.• Equating the coeffldenlt of like powers on both sides, 

A+ B+ C- 3*^ 

SA-1-43+30-12 L 

6A+3B+2C = llJ . 

A SoMng these three simultaneous cqua,tious mvolvmg 

three unknowns, we have, 

.E , i I I ^ _L 

In the Ve<fe^]xtei?i?owev^^^ getiiog tbo 

(0 we equate Ha denominator to zero and thus get the Ford- 

•dftMViiueofxOa. -1)5 
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m and we mentally subsUtute this value -1 in the E, but* 
out the factor which is A’s denominator on the and^'^ 

(I/O we put this result down as the value of A. Similarly f(^ , 
and C> 

, 3x»+i2x+U 3-12-l-Ji 

TTius, A 


and 


(x+2)(x+3) 

3x*-H2x+ll _ 

(x+3Kx-fl)" (Or-0 

- 3x»+I2x+U 27-36-MI 2 , 


1x2 

12-244-11 -I 
-1 


u 


9 4 


E- 


(x+U(x+2) (“2J(-J) 

‘ • ‘ 


X+I ‘ .x-l-2* X-M 
Note: AU (Ills work can be done mcntijlly; and a)! Ihe labori¬ 
ous work of deriving and sohing three simultaneous equations 
is totally .ivoidcd by this msthod. 

A few more Illustrations arc shown below: 

I I (also available by mere 

V/hkonom) 


( 1 ) 

(2) 




(Q 


(x-i-ucx-b:j) 

'x-M 

x-‘-2 

7 

7 

7 

(X+l>(x4-2) 

’ x-M * 

’ X'iZ 

2x-5 

t , 

, 1 

(X-2)(x-3) 

‘ .\-2' 

x-3 

3x+I3 

10 

4 - 

7 

(x+I) (x-f2) 

X+I 

“ XT-: 

2x+l 


7 

x’-5xt6 5 

C-2^3 

1-3 

7x-I 

1 1 it^a i 


4 


C7)j? 



1 


rt?. x-13 

^^•-2x-l5 ' x+3 X- 

(9) -2_I 

x-x-2 s^i 

( 10 ) 4 

:jrr' 


3 

x+7 



Pardnt Frrt< 





5x-*R _ 


H’-lOili 8x~2K 
(li)’-j?r6H^"*’^’(X-2) (x-4) 

xN-x-<-9 9 

(^^77S?TTTx+r 

_2x»-1Ix*+12x+I 
x»-6x»+nx-6 
2 


2 (x-|-l} 



2(x-l) x -2 


-2+ 


x*-IOx+l3 


■^+~+x-2 


(X- 0(X“2Hx-3) 
3_^ 

x-3 


Therefore, the general formula isr 
U^^finx+n 
(x-a)(x-b) (x-c> 


Ia*+ma+n 


;B- 


Ib"4-mb4*n 


; and C 


M'rmcrn 


•* (a-b)(a-c; (b-c 3 (b-a)*- {c-aj (c-b) 

Ifand when, howeveri we find one or more f 2 C(or$ of the 
d;no mi nator in repetj t i on. {x. a $qu are. a cube e Ic.. a sti gKi vaha- 
lion of procedure is obviously indfcaled. For example, IclR be 

3x+i 

(l-2x)« 

According to the cuircnl system, wc say r 
Lctl -2x**p^ so that x*' ■ j 

— - (3-3p 

P* 

13 3 13 3 

ip 


E •* 


This is no doubt a ilraighl and simple W 

is rather tuuibrous, cerlainly •'o* \nniKT>a^ 

urithmeiict And, with higrer numbers and , 

>^111 be the cuic in the next cxariple, it will be stiH 
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The Vcdic system» however, gives u-; iwo vcfy /» 

methodswhereby the whole wo/k can be done mcntaii?^'®^ 
and speedily. They arc as follows: 

A , P. 

(l-2xV“ (l-2)t)>‘^ l-2x 

3x+5 'A+B(l-2x) . M 

/. — 2Bx'-3; and A*rB ••5 
— IJ and A-'»6J 

(ft‘)3x+5-A-fB(l-2x) . M 

By ParSvartya (making I - 2x ’’0, i.c. x *»}), 
we have A • 6|; and as this is an absolute identity, i.c. true 
for all values of x. let us put x ->0 
.% A-fB B* -U 

Two more examples arc taken by way of tllustration r 
,,,x*+3x+I 
(l-xV 

According to the current system, we say: 
let I — X “ p (so that X = I — p) 

. p (I-p)H3<l-p)-fl 

l-3p+3p*~p^-h3-3p-M 

P* 

. J. 

p* p* p* p 

"{T=^ (l-x)’{l-xj 
But according to the Vedk procedure, we say r 


(I) A+B(l-x)+C(l-x)*+I>(l-x)5-x»-^3x+l 

A {A+B+C+D)+x(-B-2C-3D)+x>(C+3D)-Dx’ 

. n 1 -x»+3x+l 

A -D = l AD--n 


• « 


C+3D-.C-3-0 


/. c 


A -B-2C-3D»-B-6+3*3 B-.-6 

A+B-fC+D^A—6+3—1^1 /, A=s 5 

or. secondly, by faravariya, , 

Putx-l . j 

Putx=0A A+B+C+D- 1) A B —6 
PuIx-2a A-B+C-D.15I a C= 3 

D--I 
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which ca" ^ Arithmelic. 

all®' & n r' 


B 
x+1 


C 
x-1 

>.-.A+B-C= 


<4-2x-2x’ -L 

(2),-rrr^^ (*+i)’ 

■• (-A'B+Q+x(A+2Q+x>(B+C)J A+2C 

.5+2X-2X* ) B+B 

A--i:B--3J:aiidC = lJ 

or, secondly by Pardvartya, 




Putx- 1 A 4C-5 .\C- m 

X--1 A -2A-1 A A-- U 
X- 0 A B--3i3 


jV.9.: (i) It need be hardly pointed out that the current method 
will involve an unquestionably cumbrous and clumsy process of 
vorkiDg, with all the attendant waste of time, energy etc. 

(2) Other details of applications of ParSvartya and other Sutras 
to partial fractions, will be dealt with later. 

(3) Just now we take up an important part of Integral Calculus 
wherein, with the help of partial fractions, wc can easily perform 
diScult integrational work. 
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Integration 


By Partial Fractions 

In this chapter we shall deal, briefly^ with the question of inte- 
gniion by means of partial fractions. But. before we take it up, 
It will not be out of place forus lo give a skeleton-sort of summary 
of the first principles and process of integration as dealt with by 
the Ekadhika Sutfa- 

The original process of differentiation is, as is wcU known, a 
process in which we say: 

Leiy-x*. inenDi^i.e. 

D 2 * 6 x; and 0^*6 
Now, in the converse process, we have: 

^-3x».-. dy=3x*dx 

Integrating, /dy-/3x*d*y-a’ 

Thus, in order to find the integral of a power of *• ““ 

unity to the ^(Wrroj.i*-the original index and divide 

efficient by the new index. U- the original one plus unily. 

A few specimen examples may be taken: 

(1) Integrate 28x». /2«x*dx< * 4 *x*“ 7 ^^* 

term. 

(3) /(x«-hx*-*+x»-- etc.) 

. xa . x*-* 

^ i«ii 4» III I • »» 

a+T^ a ^ 

(4) /(ax*»»-*+bx»+cx«-*)dx. 
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m+2 ^ m+l 


ex” 

m 


. .. etc. 


This is simple enough, as far as it goes. But what about com 
plot expressions involving numerators and denominaton? tj? 

following sample specimens wiU make the procedure by ate,^, 
of partial fractions clear; 

( 1 ) 

7x-1 7x-1 

V By forovar/ya. " (2x-I)(3x-l) 

5 4 

“ 2x-l“ 3x~l 


. f (7x-l)dx s[^_ 4 
••J6x'-5x+l l3x-i 

rd(2x) _. f d(3x) 

•j^c^ * l3x-l 

-41og(2x-l)-tIog{3x-l) 

■ r (2x-i)»'« i 
'®«L(3x-l)‘fJ 
x‘-7x+l 


<2)InleFate 

- - . X*-7x+l x»-7x+I 

By/•ordvnr.yn, (x-l)(x-i)( T:3) 

-5.9 11 

2(x-3) 

-“f log(x-1)+9 log (x-2) -V Jog(x-3) 

<3) Integrate ^ 


Let 


x*^x*-x+l 
I A 


x^-x»-x+l x-l 


4 


B C 
(x^“^x4l 


.M 


*-A(x-0(x41)+B(x41)4C(x-I)* 

=-A(x*- l)+B(x+l)+C[x- I)*.N 

Now.lelx^l I-ZB /. B-l 
DifTeremiatjngtN). 

0^2Ax4B^2Cx-2C.P 
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j^owputx*! 2A— } /, A“ —J 

niffcreiitialiag(P)i 2A+2C«0 A 2C-i C-»i 
-1 I 1 

® ” 4(x-1) 2{x-4(x+l) 

--i log (x-l)-i+Jlog(x+I) 


f 

J (x+0 



^NTY-FIVE 

The Vedic Numericai Code 


It h a matter of hi«eorical interest to note ihai. lo thetr mathe 

fliatJcaJ wfjtings, the aucientSanskrii writers do cot u$e figure 

whcD big numbers are coDcemed in their numerical tioutiops 
but prefer to use the letten of the Sanskrit Devanagari alphabet 
to repreent the various numbers! And this they do. not in order 
to conceal knowledge but in order to facilitate the recording of 
their arguments, and the derivation cooclusioasetc. The more so, 
because, in order, to help the pupil to memorise the material 
studied and assimilated they made it a general rule of practice to 

write even the meet teehnieni and abctruce text.book* in SBtrtyf 
or in Verse which is so much easier-even for the childrca—to 


memorise than in prose wPUch is so much harder to get by heart 
and remember* And this is why we find not only theological, 
philosophical, medical, astronomical and other such treahses but 
even huge dictionaries In Sanskrit Verse I So, from 
point, they used verse, Siifrat and codes for lightening the biu^n 
and faciliiatiog the work by versifying scientific and even raaiftc- 
matical materia! in a readily assimilablcfonn! 

The very fact that the alphabetical code as ^ 

this is ia the natural order and can be 

preled, is dear proof that the code and the 

for concealment but for greater case jo 

key has also been given in Its ° * 

tnfk qsi'tF. and W. which means. 

(1) ittf and the following eigA/ letters; 

(2) fa and the following eight letters; 

(3 >pa and the foliowing/otfr letters; 

the following re.enle..en:and 

(5) k}a (or Kjudra) for Zero- 
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El^UjoMted, Ibis means: 
mka w,paaod>«and«nctc 1, 

(4) %>. dha. i/w and w all denote 4; 

(5) gna. iw, nw and #tf a« reprint 5, 

(6) Wr and /ff all stand for 6; 

(7) cAfl» /Atf, and 9 a all denote 7j 

damdfujtdi represcni S; 

(9)j^ and dha sund for 9; and 
(10) Xfa (or Kfudra) means Zero! 

The vowels not being included in the list make nodi lEereo^j 

and in conjunct consonants, the last consonant is alone to be 
counted. 

Thus pa pa U II, mamaH 55, fa fa is 11, ma ra is 52 and so 

on\ 


And it was left to the author to select the particular consonant 
or vowel which he would prefer nC each step. And. genernliy, Um 
poet availed himself of this latitude to so frame his selections as 
to bring about another additional meaning or meanings of his 
own choice. Thus, for instance, kapa^ fapa, papa and >vpe all 
mean 11; and the writer can by a proper selection of consonaatt 
and vowels import another meaning also into the same verse. 
Thus “I want ma}m andpppj** wl! mean “I want 55 and 11”! 

Concrete, interesting and edifying illustrations will be givea 
later on especially in connection with recurring decimab,Trigone* 
raelry etc. wherein, over and above the mathematical matter on 
hand, we find historical allusions, political reflections, devotioM) 

hymns in praise ofthe Lord ShriKrishna,the Lord Sbri Sto- 

Kara and so ont* 


*^8 device is thus not merely a potent aid to versificatlofl 
faciliiatcng memorisation but has also a humorous side to it 
adds to the fun of it! 

The hymn in praise of the Lord gives us the value of «= ‘o ^ 
decmal places in Trigonometry. 



liecurring Decimals 



It has become a sort of fashionable sign of cuUur.il advancement 
forpeop*® notv-a-days to talk not only grandly but also grandio- 
$ely and grandiloquently about decimal coinage, decimal weights, 
measurements etc.; but there can be no denying or dis¬ 
guising of the fact that the western world as such—not excluding 
il$ raathematiejans, physicists and other expert scientists—seems 
to have a tendency to theorise on the one hand on the superiority 
oftbe decimal notation and to Ught shy, on the other, in actual 
prtcr/ee—of decimals and positively prefer the “vulgar fractions’* 
to (hem f 

b fact, this deplorable state of affairs has reached such a pass 
that the mathematics syllabus-^unicula in the schools, colleges 
and univenities have been persistently “progfcssiog” and 
‘'advancing;” in this wrong direction to the extent of declaring 
that recurring decimals are not integral parts of the matriculation 
course in mathematics and actually instructing the pupils to con¬ 
vert all recurring decimals at sight into their equivalent vulgar 
fraction shape* complete the whole work with them and finally 
re-convert the fraction result back into its decimal shape! 

Haidng invented the zero mark and the dcdmal notation an 
Sfvcfi them to the world as described already from the pages o 
Prof. Halstead and other Historians of Mathematics, the Indian 
bystem has. however, been advocating the decimal system, 
anyepnv/grounds or because of partiality but solely on 
*^*nlrinsfc mrlis. Its unique achievements in this direction have 
most thrillingly wonderful character: and we have 
..[^y^atthe very commencement of this illustrative volumc- 

startling sample-specimens thereof. The student wiH 

remember that, at the cad of that chapter, we promis 



200 


Vetlie Mathctnatics 


10 go into fuller details of Ibis subject at a lata- sUgc u 
meet of [tliat promise, we now pass on to a funher 
t he marveis of Vedic oiattemalics i n this directio n. 

Preuminary Not^ 

We may begin this part with a brief reference to ihq ^ 
known distinciion between non-recurring decimals, 
ones and panly-recutring ones. ''I 

(I) A denom I nator containi ng only 2 or 5 as factors ^ves uj 
ordinary, i-e. Don-recumng or non<ifcuJating dedma! Jhcijo. 
each Z 5 or 10 contributing one significant digit to the dccim^ 
For instance. 

" 2^ 2x1x2"''^’ 


1 


.0625; 




2x2x2x2 

• “•1; A---03; 

I ... . 1 


4)3125; 


2* 

_L=. tu« 


A * 


-4)25;A- 
= 4)125; Til 


10x3 


-. 02 ; 


- .01; and so on. 


10 

(iQ Denominators containing only 3. 7. 11 or higher print 
numbers as factors and not even a single 2 or 3 give us recuiriog 
or circulating decimals which we shall deal with in detail la thk 
chapter and in some other later chapters too. 

} = .3; i-.142851; i-.i;^V--6^; 

tV - 4)7692$; iV - .65882352;94n764t; 

•A-<1)52631578/947368421; and so on. 

(r«) A denominator with factors partly of the former Cypc» 

2 and 5 and partly ol the latter type, i<. 3, 7. 9 etc. gi«J ® J 
mixed, i<. partly recurring and partly non-recurringdcdaal.t*'^ 
2. 5 or 10 contributing one non-recurring digit to the dcciro^* 

*" 2^“ 3^"®*= 

’ *0414; and so on. 




Kt'ntrriiif! Ocdtuo/x 




11 
own 


"'■;,\l..-n':7!-..'VS 6:m..l oih.r ,„„„Ucrs ,,,2 = 

V. x\ .v«irlb»lton details of vhicU will 

V V non-rccurrinp dccintd wUluhe s S 

w^”;j;;viiii.c ob.o,v«i .h.>,.uc I.S. 

‘ J Ilic last dipu of the cquivalcni decimal multini^ 

'''■I't «-m yield ;i product ending in zero; and ^ 

In every roctirrine decimal with the standard numerator 
. it NviU be similarly observed lUal 9 will invariably be ihc 
*■^*^1 of the product oflhc last digit of tlie denominator and 
li'.lJSidLeitofil* recurring decimal equivalent nay, the product 
ii'aciually a continuous series of nines I 

^ .0625; ^ 

Ti/».d7692d;clc. 

And this enables us to detemune beforehand, the last digit of 
the recurring decimal equivalent of a pven vulgar fraction. Thw 
^ in its decimal shape must neccstarily end in 7; tV in 1; A* in 
9; iV in 3; and so on. The immense practical utility of this rule 
in the conversion of vulgar fractions into their deciraaJ shape has 
already been indicated In the first chapter and wiUbc expatiated 
on, further ahead in this chapter and in subsequent ^ItapteR^ 
Lrtusfijst take the case of land its converMon 7)l.«.l42»>7 
jotn the vulgar fraction to the decimal shape* __ 
denote here; 

{>) that the successive rcraainden arc 3» 

6,4,Sand 1 and that, Inasmuch as 1 is the 
^ri^nal figure with which we started, the same 
^^msinders are bound to repeat themselves in 
same sequence endlessly. And this is where 
stop the dlvisiomprocess and put the usual 
marks the dots on the first and the 
order to show that the decimal 
cter characteristic ncurring chara- 


30 

2g 


20 

14 


60 

56 


40 

35 


50 

Aa 
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If r ss 

wi"h a leto amxcd lo it, this 3 wU “ ^ o>it scto^j 

Zidend and inasmuch as this process will be contmnmg i«,j_ 

(until a remainder repeats .iself and warns us that the rec«,. 
ring d^imara recurring characUr h« begun lo manifest iu«, 
it fiandsto reason that there should be “ «''0 m 

action- In other words, because the Bim w Ue 

first remainder 3 and the second dividend 30. therefore ,4,«,5p. 

wn<i.i.e. according to the ratio in question or by simple nile«f 

three, this second dividend 3 should give us the second remainilo 
91 In fact, II ia a *‘Gwmefncat Progression'* that we are 

with I 

And when w be^n testing the successive rematndeK frorntfe 
standpoint, we note that the said inrerence about the;GeomclricaI 
Progression with the common ratio 1:3 is correct- For, allhougli. 
when we look for 3x ^ - 9 as the second remainder, we acttiaHy 
find 2 there instead, yet as 9 is greater than 7 the divisor, it ii but 
proper that, by further division of 9 by 7, we get 2 as the remain* 
der. And then we observe that this second remainder 2 yiel6 tis 


the third remainder 6, and thereby keeps up the Geomcti^ 
Progression with the same ratio 1:3. In the same way, this S 
gives us 18 which being greater than the divisor and beiogdhrided 
by it gives us 4 as the fourth remainder. And 4 gives us 12 wluch 
after division by 7 gives us 5 as the fifth remainder! And, by the 
same ratio, this 5 gives us IS which when divided by 7 gives us I 
as the sixth remainder. And as this was the dividend which w 


began with, we stop the division-process here! 

The fun of the Geometrical Progression is no doubt there; W 
it is act for the mere funof It, but also (vq p, h 3,2,4, ^ 
for the practical utility of it, that we j 

have called the student's attention to - 

it. For, in the actual result, it means ^ ^ 

that, once we know the ratio between the first dividend and 
first remainder I ;3 in the present case.: wc can—without . 

further division—automatically put down all llte remainder* ^ 
maintaining the 1:3 Geometrical Progression. For example-; 
the present case, since the ratio is uniformly 1:3, thetrf‘>‘* , 



J<ccurrtni Decinuits 

_„d reiTH>in<*«f is 9 wliich after dcductinR ,h. 

^ „ 2; aod so on unlil sve reach 1 . Th« ou, set 

foUo'‘-s- », 

I, 3.2. 6,4, 5. 

Yti. but what do we gain by knowing the remaina^ u , 
without actual division? The answer is that, as 

the first remainder, our whole work is praciicaUy ov« p** 

jj^eaeh remainder with a aero affixed automaticaUv 
next dividend, we can memally do this affixing « 
mentally work out the division at each step and put down the 
quotient automatically without worrying about the remainder! 
For, the reraaiodef is already there m fTx>nt of usl 
Thus the remainders l,3,2,6*4acd5giveus Dividend-digits 
ihe successive dividends 10, 30,20. SO. 40 and 1. 3, 2. 6. 4.5 
50; and. dividing these mentally, by 7, we can V4 2 8 5 7 
go forward or backward and obtain oil the Quotient-digits 
quotknt-digits 1,4. 2, 8. 5, and 7. And, as it 
Is a pure circulating decimal, our answer is 142357! 

There is. however, a stitl more wonderful Vedic method by 
which, without doing even this little division-work, we can put 
down the quotient-digits automatically forward or backward, 
from any point whatsoever! The relevant Sufra hereon says: 

(^e^a^yai^ikena Caramef^a) and means: The re- 
aainders by the last digit. 

As explained in another contexi in the very first chapter of this 
volume, the word by indicates that the operation is not one of 
addition or of subtraction but of division and of multiplication I 
The division-process whereby wc aflix a zero to I, 3, 2 etc*, 
djiHde the product by 7 and set down the quotient has been 
shown just above. We now show the reverse process of tnultipli- 
«aUon, which is stin easier. 

In so doing, we put down not the dividend—nucleus digits bu 
^ remainders themselves in order: 3 , 2, 6,4, 5,1- 

as we know from a previous paragraph that 7 is the ^ 
wc multiply the above given remainders by 7 and put we 

d right-hand-most digitdownundereachofthere 

‘®^y‘8noring the other digit or digits, if any, of t e 

lot the answer is there in front of us again, rcauy 
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A?:U5,; 

TTTTTt 

(QuoUcnisli^^j 


and we put down only I. 

2x7 gives us 14; and we put down only 4; 

« X 7 give* us 42, and wc put down only 2; 

4 x 7 gives ns 28 ; and we put down only 8; 

5x7 gives us 35; and we put down only 5; and 

I x7 give us 7; and wc put down 7. 

And ite answer Is .142851 

At this point, we may remind the student of a very imporUnt 
point which we have already explained in 7)1 ^(. 1 ^ 
ciupterune regaremg me cuJirciwwM vf < 

^ and A* to recurring decimal 3 ^ 

^apc. TTiis is in connection with the facts 2 S 

that the two halves of these decimals to* —~ 

gethertotala scries of nines; that, once 

half the answer is known, the other half can 

be had by putting down the complements ^ 

from nine of the digits already obtained; 56 

and that, as the ending of the first half of 

the result synchronises with our reaching of ^5 

the difference between the numerator and _ 

the denominator a. the remainder, we know 50 

mti," i“ "'’p division or « 

5=a3—^ 

applicable toinasmuch as this 

therefore mearx « 0 ^^ comes up as a rctnai’’^ 

labour involved, bv reducUon of even the Bi*l^ 

oy exactly one-half! 
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- ijack to iJw ori^nal topic rc: the conversion of vuJgar 
. jQ jljcir c<juivnlenl decimal shape and how the geo- 

can give us beforehand—vdthout 
the rcinaindcrs that will come up in actual 
*'^!ve now take up as another illustrative example and 
ihe process works out therein: 

Here the successive Dividends— 13)1.00 (XI76 
nucleus—djgiU are I, lO. 9,12. 3 and y 

4 . Affixing a zero to each of them ^ 

and dividing the dividends by 13, we 
gel0.7. 6 , 9 , 2 and 3 as the first 
digits of the quotient i n the answer. — 5 ^ 

26 

40 

39 

1 


(i/)Or, secondly, re-artanging 13)leOO (G.P. I. 10,9, 12,3.4 
the remainder noasto 076Q23 

start from the first actual remainder, we have: 
to, 9 . 12 . 3 .4 and 1. And multipWng these by 3 the last 
digit of the answer in the prcsenl j3^j oo(|o. 9.12. 3,4,1 
case we put down merely the right- ^ ^ 6 92 3 

hand-most digit of each product; 

and these are the successive quotient-digits! Here too, as 
usual, we go forward or backward or in any sequence which 
wemay choose. And the answer is .67fi92i 

(W) And here loo vre observe, in operation, the rule about 

complements from nine I And it commences from the 076 
point at which we obtain 12 the difference between the 923 
numerator and Ihe denominator as the remainder. 999 


(tr) In the above charts, vre may avoid big numbers by using a 
minus where a big number is threatened. Thus, instead of 
takings as in the case of 7, we Qp 9 , "{J etc. 
may take-3 as the common 

geometrical ratio and will find the geometrical progression 
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intact; anJ naturaJJy the pro- 
duct of each rcmaindcr-digh by 

the last digit remains intact too ^ r 

and gives us the same ansver: •676923! 

We pass now on to still aaotJicr and easier method 
comes under the Ekadhika Sutra which we have expoun<ietj 
expbined at suflicient length already in the firsi chapij^ ^ 
which therefore we need only summarise and supplement W 
hut need not elaborate again. ^ 

The Ekadhika Sutra which means ‘by the preceding one iru 
creased by one’ has already been shown at work in '& number of 
ways and in a number of directions and on a number of occasion 
and will similarly come Into operation still further, in iraa? 
more ways and in many more contexts. ^ 

Numbers Esdino in Nine 

<0 If and when the last digit of the denominator Is 9 we know 
beforehand that the equivalent recurring dedmal ends In I. 

(«) In .he^e of-A-.th*I«.Wone digi.is I; we increast « 
by l and make It i In A we work with 2+1-3. In -.V and in 
A. we operate w.ih 4 and 5 respectively and so on. 

(Hi) In the multiplicaijon-proecss bv fi-amil o- • n 
these casea we put 1 down as thel^t tJ ff . 

most place; and we go on mulii;,lyi„g that iLi d 
right towards the left by 2. 3 4 and ^ 
there is more than one digit in L'lai product 
those digiu down there and carty Srir*? 
immediately preceding digit towarfsThl?'^'^ “ 

(ir) When we gel D^N os the product J* 
half the work; wc stop the muhioUc'iU^^'.T ^ 

put down the remaitijng half of the • ®**d mcchanicaUy 

down the complements from nine. ®"swcf by merely takini 

(>) The division-process by 

Tuiti vide supra. follows the same 

(i; We may first consider the fraction ... 
tion of the method described; hrst if lustra* 

(/) Pulling I as the l;isi digit and comtniifli:„ 
towards iJic left, we get tfic hist four diciu iaJI ^ 

out the least rfimcujiy. ® «he left syjth- 


Recurring Decfnuits 
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. ^47308421 

1 I 1 

(;08x-2- 16- Therefore put 6 down immediately to the left of 
j ^Ih I to carry gver. 6x 2+tlie I carried over = | 3 . Pu, the 3 ,<> 
.heieftofthe dw.thl to carry over. 3x2+1 ^7. Set it down 
before the 3 with nothing to carry over. 7x2-14. Tlierefore 
pat the 4 before thc7withlto carry cver.4x2+the I carried 
ovcf-^' 

(///) We have thus got 9 digits by continual multiplication from 
ihe right towards the left. And now 9x 2 -18 (which is D^N% 
This means that half the work is over and that the eaHier 9 dibits 
are oblajnaWe by putting down the complements from nine of 
the digits already determiued. So, we have 
^-0.0 5 2 63 1 5 78 /947 3 684 2 j 

(2) Let us now examine the cate 

Begin with 1 as usual at the extreme right end and go on multi* 
plynig by 3 each time, "carrying over" the surplus digit or digits 
if any to the left. i.e. to be added to the next product to be deter- 
iRin«d Thus, wh«'Q we KAve obtftined 14 digits, i.e 

. 9655 1 724 1 3793 L 


we hnd (hat we have reached 28; we know we have done half the 
work; and wc get the first 14 digits by simply subtracting each of 
the above digits from nine. 

.034482 75862068/ 

.•.A-0,b3448 2 7 58 62068/9655 I 724 13793 1 
(3) Next let us take ^ 

Take 1 again at the extreme right end and continually multiply 
by 4 from the right to the left. Thus, wc have: 

A--025641. 

Note in this case that •/ 39 is a multiple of 3 and 13 and not a 
prime number like 19 and 29 and V 3 and 13 give only I and 6 
recurring decimals, there is a difference in its behaviour, i.e. that 
the two halves are not complementary with regard to 9 but only 
relation (o 6 ! In fact, D^N, U- 38 docs not come up at all as 
interim produce as 18 and 28 did. And so. the question of 
oomplemeots from 9 does not arise at aU; and the decimal 
^uivalent has only 6 figures and not 381 
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iiiic ic vcrv ilnipic. A*; la . 3, hv .i , 
nic I ^jnjaU in it.sclccjiii:if ccpiivijiciii uml 

onlyftrecum C ,||.^ .k-cfiniil cquiv,^’ 

U'"'‘^Lcily Jivisibic by 9, much ..u.r. .I.crcforc is i. 

^ i'Md. conscqucmly. wl.cnwc d.v.Jc .t by 3 :uk 1 cxl.u,,, 

A1.^ oi‘ly 6 ‘’iei's in recurring d^.ma 1 -slmpc. 

TiKSC have been oblaincil by ific soir-si.me UoMikt, proec.ss„ 

served our purpose in llic ease of-iV^nd =•• 

We next lake up and examine? Ilic cusc of V# which, besides 
foUowing the rules hereinabove expiained, lias the addition,! 
merit of giving us the clue to a still easier process for the conwr- 
sion of vulgar fracUonsinlo their recurring decimal shape: 

{i)lf we goondividing I fcy49 or •14285'? by 7 until the 
hrein^tn recur, wt shall doubtless gc( our answer. 
But this will mean 42 steps of laborious working and is there* 
fore undesirable. 

(ii) We therefore adopt either of the Efuidhika. methods and go 
on multiplying from right to left by 5 or dividing from left 
to right by 5. 

(//OOn completing 21 digits, we find 48, l.c. Df^N coming up 
and standing up before us: and we mcchAJiically pul down 
tlie other 21 digits as usual by the subtraction, from 9, of the 
digits already obtained. And the answer is: 

, 0.02040S 1(5 3 2 653061 2244 8 ) 

•'* 979 59 1 8 3 6734693 8 77 5 5 1 ) 

(fr) And this gives us the clue just above referred to about a 
still easier method than even the Ekikikika ones for the coR' 

version of vulgar fractions into recurring decimals. And it is 
as follows: 

‘ '*’■ *'■' ‘'9)IX»(.020408 

serve ihat ihc successive rcni^jnclcr!, ^ 

m m ecoiuetricij progression wi.h __ 

tiie common ralio 1:2 ,hat iIk divi- 200 

ends arc similarly rcl.ntcd and Hint 196 

digils in Ihe qooli- ““T;, 

cm ,s so rciaicd to |,s predreessor. 



AecsirHng DcchttaU 


m 


olhcr “"‘I implies that, after ptming 

<M,08, I(S and 32 anti 

SO 

5gl^vllcnwcn^ach64.\verlnd thit 2x64.. 128. i.c. it has 3 
43 i|j«. All that \w have to do tiwn is to add the I of the 128 over 
to the 64 already lUcre, turn il into 65 and then pul down not 28 
but die remaining part of double the corrected figure 65 (i.€. 30) 
and carry tlie process carefully on lo (he very end, U, until the 
decimal starts to recur. We therefore have: 

, 0.0 20408 163 26530612244 8) 

•*f“ 97959 1 8 3 67346938 77 55 ij 
This new method does not apply to all cases but only to some 
special cases where the denominator of the given vulgar fraction 
or on integral multiple thereof is very near a power of ten and 
thuslends itself to (his kind of treatment. In such cases, how* 
ever, it is the best procedure of all. 

M)re: The rule of complements from 9 is actually at work io 
this case too; but, inasmuch as for reasons to be explained here- 
after, the actual total number of digits is 42. the first half of it 
ends with the 21 St digit and as we have been taking up a group 
of two digits at each step, we naturally by-pass the 2U( digit 
which is concealed, so to speak, in the middle of the Uth group. 
But. even then, the double-digit process is so very simple that 
continuation thereof can present no difficulty. 


Other E^^o^NGS 

So far, we have considered only vulgar fractions whose deno¬ 
minators end In 9. Let us now go on to and study ilie cases of 
A*. * and other such fractions whose denominators end 
^<^tin9but in 1. 3 or 7. 

(0 Here too. we first make up our minds, at sight, as regards tfw 
Iw digit of the decimal equivaleni- Thus, denominators end- 

i'»gin7.3and I must necessarily yield decimals end.ngm 7 3 

^d 9 so tlut the product of the last digit of the denomnwtor 
>nd ll« digit of tht decimal cquivulo... r«ay c.d <»• 
let US start with the case of • • 

I’m down \ in the shape *»V ' 


1 

T 
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{iU) Talc 5 v'tic more than A ihc hKM/h. /•r,r. , 

quireJ mulliptkjijon or division as!}» c .^ r •'*« r» 
(/V) Thus Man ^vilh 7 at iIk riijhi end, 


(V) Multiply it by 5 and wt douij 35 os shown In Dw. ^ ^ 
chnn. * 


3 lo the product and set 2S cU, 
tn ilic same way. ^ 

Now, 5x8+2-42. Bui that i 5 D<*-N. 1421 857 

Tlicrcforc put 142 down as llte /iri | 2 5 
half according lo the complements 
rule I -. 142/857 
Or*-./,. 

The Ekatihika being 5, divide 7 by 5 142/83-1 

and continue the division ss usual 2 14/ 
with the same rule of procedure. 

After getting (he three quotient-digits 1, 4 and 2 you find 
42 as the remainder before you. So tackle the last 3 digits 
according to tlie complemer.ts rule and say: 
i-A-.i42/851 

(2) Let us now take the case of 
(/) The last digit is 3 the last digit ,fi 7 6 / 9 2 3 
in the answer «W1J be 3, 476/923 

23 


(n) The Skmlhika (multiplier o? divisor) is 4. 

(x/f)/a After 3 digits whether by multiplication or by 
division, 36 (D^N) comes up. So. the other half is mcchani- 
caJIy set d own. And we say: -,V—476/92J 


(3) Next, Jet us lake “ A* 

(/) The last digit is !• Tlw last digit of 

the answer will bc9< 

(ll) Tii£ Ekid/ilka in both ways is 10. 

<//0 Immediately a Her the very first digit, we get 90 which is 
99 ^9 before us. So, the complements rule operates, 

(/v) And, in either case, wc gel *iV= -0/6 

( 4 ) V^.«tiVgivrng 7as 3 as the Last digit of 

answer. 


b/> 
9 / 


/• By both methods, MuUiplicxdion and Division. 



857 

25 


142/851 

214/ 


Vctlie Af 

. . „„ more than 4 as the Ekmika Piu^i 
("■« f^^mahipliealien or division as llte case may 

(,„Tl.us*iaTl«ith7althcrijhIe«i. 

(V) Multiply 

(rf) ^mVly 5 by 5. ^'® 2S W 

in the same way- 

Now, 5 X 8 -f 2 - 42. But thai U D r^N. 142 
TlierefoKput 142 dowo as (he first 
half according to the complements 
niJe.-. 142/85? 

Or#"A 

Tlie Ekidhika being 5, divide 7 by 5 
and continue the division ns usual 
wjUi Che same rule of procedure. 

Aftergeliing the three quoiicnt-digits l» 4 and 2 you faj 
42asiheieni*iiidcrberoreyou.So tackle the last 3 diats 
according to Che coflij^ements rule and say ^ 

f-A--142/85t 

(2) Ut us now take Che case of ^ A- 

tuwii 

5 '^ Z'Z 

(3)N«l.l««stakc-V-A. A-.fl76/92i 

brfom digil. we «t 90 which is 


/.• » . art rhp "6 K«l W 

. L ^ as the Jjist digit of the 


plication and Division. 


211 


Vithavc! 


Bt^cuning Dcdmafs 

Q ^434782608 
.V-- 9 56521739 I 3] 

t ^At 8»ving 12 as Ekd^ihika and 7 as th^. k.. .. . 

By both the methods mullip!i:a,ion and divislo^ 

^.;?y“-a58823 52/94U7S4J 
The Code Languace at Work 

f,o. gniy do the Vedic teU « how to do aJl this by easy 
„d rapid processes of mental arithmetic: but they haw 
ubuUted the results i“‘he shapeofspecialsub-ii^a^onW^ 
iDI merely mustratjv« specimens wUh a masieckcy for “unlock 
jn 5 other portals” too. The abstrusec details and the maMer-key 
utaot given here; but a few sample-specimens art given of the 
vayiB wha'ch the code and the Ekoftyuna SSlra explained in 
Chapter 2 can be utilised for the purpose of postulating mental 
one-line answen to the question. The three samples read as 
foQovs: 

(1) ^■*rT?T (Kevalai^ Sapfakafji Guiiy&t); 

(2) (KoJau KfiidrasiusHi); 

(3) {Ka/rtsi K^amadiha-khalairmahiff). 

In the hnx of these, Sdpraka means ‘seven’; and 

Rpresents 143; and we are told that, in the case of sevea, our 
oiultiplica&d should be 1431 

(o the second. Kalou means 13 and Kfudrasasaih represents 
077; and we are told that the multiplicand should be 0771 and 
In the third, means !7; and K^Sma»ddka-khalainnaM 

»eMis058S2353; and we arclold that the multiplicand should 
'^’^his number of 8 digits. 

Now, if we advert to the ‘'EkanyO/ui" corollary of the NikhiM 
on multiplication, we shall iK able to remind ourselves 
^ihe operation in question and the result to be achieved thw 
2^^ Let us do the multiplications accordingly as directed and see 
’*'‘1 happens. 

J'Hnihtca«of7as denominalcr. 143x999 = M2,«7; and 

t2i t recurring decimal digilsjj, 

J2) In j ^ *076/923; and th^ ' 

"ci^rring decimal 

^ case of 17.058873 S3 y 99999999 »0585-35-/J« 



yetile l^aifiematics 

^uivalen' of iV „le of complcmenu fron, j„ 

'".*'l'd'.LTub-»/'0the nccnsary cl* ^ 
^ 1 of the decimal and also a s.tnple device Ekwiya^ 

143x999 l^Z.=.i42g5t; 

I - -555^ 999999 

^ 077 x 999 _ 07692^ _ .^76925; and 

*•^9^ 59559r ^ 

058 82353x99999999 

1555559555599^9” 

- .65SS2352/94n764t! 

M, by cross-maltiplicalion» we get from the above the 
foltowinff results: 


(1) 7xI4»J7-999999, 

(2) 13 x076923 «>999999; and 

(3) 17x05882352/94117647 

-9999999999999997 16 digiU in al!! 

And,jusiinpass|ng» we may note that this is the reason why* 
jnlhe<«e of aU these vulgar ffaclions, the last digit of Ibe 
dCTomiaator9,3,7 or I, as the case may be gives, I, 3, 7 or 9 
wiore-handasihelastdjgjtof the equivalent recurring dedtnal 
tVacliont 


THEREMAINDeR.QuoTIENT COMPLEMEtflTS-CYCLES 

varies ^Sain, noted the fact that, 

of(heqMt«a!s''^ded^'^ analysed by us, the two 
sl'aUnowprcx»>ri = i „i'°v.''*^'’ 8‘'’® “* ^ 
such or similar rule / “nd try to see if there I 

ihc tKccssarv»iwH.s£^^^”)”^ remainders. For the pun 
Wore detailed cotk;h investigation, let us ulo 

remainders obtained ii 
let U5 ^ of the numerator by the denomi 



Heeurrinfi 


2\% 


I iiiccessivc remainders Arc 3, 7, C, 4, 5 and I. 
^ f iluiUon rcachiOR <>, i c. as ilic rcmairKkr» 

^hecn complciticniary 

” beflin* rultinp the abow 6 rii;ufC5. there- 3 2 <> 

j'if j* of ^ ^ ^ 

,i,ai each vxrtical column of one digit from Ihe 
l=i'‘'‘'^l!!defonc from the lo^tr one gives us 3 2 6 

^.sjrw7 7 7 
. .,o»r<liviMris7.itisbutnat«r!amat i.o rcmainclcr 
TL oermissible. i.e. ihaithe only possible rcmaindeis 
4 5 and 6. And these ate the ones we acluaUy finch 
take UP the case of A and note whai haj^ens, The 

t^usaovviake up ^ 

10 9 12/3 4 1 


12/3 4 1 

10 9 12 

3 4 1 

13 13 13 


'i^atfedhere too, that th; 
leasindtrs are complcmenis—from 13-^f 
e« first three remainders. 
i„ itse eas» of^/' »*'<* <uccessive remainders are • 

6-9 5 16/7 2 3 13 11* 12 1 

7 2 3 13 11 8 12 1 

'nltoSremaiadeKaLhuscomplemeMs-from l7-of the 

fint eight ones! 

In the case of 19. the remainders arc; 

10 5 12 6 3 II 15 17 IS 

9 14 7 13 16 8 4 2 I 

19 19 19 19 19 19 19 19 19 

Here again the first ni nc «m ai nders, when added succe y 

the next nine, rive 19 each lime, ^ 

‘ITjus.it is clear that, whereas the quotient-halvcs arc urn- 
f^ycomplemcnU from nine, iKc rcmaindcr-h^vcs arc comp c- 
from the individual divisor in each case. And tlus further 
our labour in making out a list of the remmnders. 

Multiples op me Basic Fractions 
deal, with vulgsr fractiom 

‘-^'■Sy.Buiwhaiabout^acilonswWch have some other aume 
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rator? And ihc aiwvcr U: “TJierc aru 
njeihods by ivWch, witli a tabulated list au 

obtained by one or ^oreofthepr^^l"* « ulTlS 
^en independently, we can readily pSn tt 

rsr--"2 C£‘< 

I--S857U 

f-.42857i 

♦ -•471428 

♦ -•714285; and 

l'■.85714J 

(I) The same six digits are found as in the case of *• 

^ c«? “iwnee and in the L, direct^ 

Prom , dilTeren. starting-point bn.lt»d 

order^ ordenn whatis well-known as fhV-clcek-mV 

^SSS~r~ 

The F^R 5 t Method 

T. Th<‘various digiu can b« numbered nnd 
Ins order of magitiCucle, thus: 

(0 Unity bring the least of (j) .2) r4) ^5^ 

them, the eyrie for } starts | 4 2 8 - - 

tvith one as Its starting 
point, travels in clock-wise cyclic order and reads • 

.j4285t; 


5 7 
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u«'nc(hcsecofKi» 7 siarls wilh 2 and gives us ihc answer 

j. 

* ^jng DO 3 at all, the third digit in ascending order j$ 
4 ^So } from 4 and reads: 

42S57I: 

The next digit, U* the 4ih In ascending order actually being 
5 4/7 begins with 5 and gives: 

471426; 

(i)The fifth digit actually being 7, 5/7 commences with 7 and 
reads: 

.tl42SS;and 

(w) The 6th and Ust digit being 8. the sixth and last fraction, U. 
f starts with 8 and says: 

-657144 

Tbit is the first method. , 

Yes, but what about those cases b which the number of dcra- 
uial places is more than 10 and thus, in the tabulated answer 
before us, some digits are found more than once? 

Yes, it ispeffeedy. true that, jml as some dipts are found 
absent as in the case of} just seen, there are other cases where 
the same digits ore found more than once. In fact, in every case 
wherein (he number of decimal places is more than 10. this js 
bound to happen; and there provision too must be ag^w i ^ 
fact, the remedy is very simple, that, even where ® 
more than once, there still are gradations; and, if thw 

Uken into account, the cyclic order and the ascending o 

magnitude will still operate and serve iheif . 

Forexample,in the case of iV. we 
very com raencement; and there are two nd 

Wisgreaterlhan 82 ;andthereforewc should take 82 first and 
^ afterward s and do o ur numberi ng accordingly. ^ 4 ^ 

'^us, starts with zero;-,V with '1^* - V with 52; H 

-»V with 29; * with 3; W with 41; gj. jy with 

^ilh 58; {} with 6 ; with 70 ;\i with 76, |t ^ 

nnd i? vdlh 9. m arranging in ascending orUer 



ludcJjas. of course, lobe done CJircfufly and corrcctl 
must be admillcd ilinl. although Ihc procedure of coujjj* H 
numbering is quite rcasoimbJc and scicnliAcally correct ! 
railicr cumbrous, ciumsy and tiring. Hence the need 
methods. ^ 

Yes. but wliat about the eases wherein the number of d ' 
the decimal equivalent is much less than the denominator^of^ 
vulgar fraction in question and has thus no scope for mecii 
the possible demands? 

Yes, -jV is such a case. The number of possible multiples« 12 * 
and llic number of digits in the dcciniaJ equivalent is onlv 6 ^p.^’ 
- mm). What is the remedy? ‘' ' 

The remedial provision is that a multiple or two will do the 
trick quite satisfactorily and neatly. 

Now. - .676925 

By simple multiplication by 2, 

*•‘.153846 

And now, there arc twelve digits in all; and these can meet the 
needs of all the possible multlpl«. 

‘rh'^5» fa “076925; and*-.j 53 g 4 g 
*- 530769: and *-=.507699 
*“ 584616;and*-,461535 
* - .63846i: and A- ■“ 515384 
/. *«.59230t; and f J- 769230 
fi--546155; and 4|-.023075 

cofwct. But, after aU. one 

^ml«r.ng p^dnre is s.il! a combrons. clumsy and liring pro- 
«ss. Hence, lei us repent, the need for other methods. 

Tiir SreoND Mctmod 

one wherein we avoid even this num« 
etc., and in accordance with the Atiy<im 
derimnrr the openirg digit or digits of the basic 

nn>nt p *142857 and determine, therefrom the starting 

Po*m for ,hc multiple i„ question. Thu,. .i4285f 

*14 . .. f sliould start with .28 etc., and in 
cyclic orrh-rflivc .585711: 




♦ 


, >0 Mart with .42 etc., .ndgive 428571. 

-«... 

s’S'x; ■ 

"similarly? start with 70; but for the .am. 
j„ ,l.e immediately preceding case, it actually start, wi.h"^" 
2vrs«s:.:i4283:and * should start with ““ 

,iih.85andyieldstheatiswer:S57l44! ’ > starts 

Ttifs is the Second method. 


The Third Mcthoo 

The ihifd process is very similar; but it bases itself not on 
Adyam Adyena but on Antyam Amycna. In ether words, it deals 
not with the opening dig] t but with the closing one. Thus, 

V ♦endswith?, .142851 

/. I must end with 4 /. It is .485?14 

/. f should end wjth J It is 4285? t 

/. I ought to ted with 8 His .571428 

I should end with 5 It is .114285 
and f must end with 2 It is .ft57l44 
This U the third method and the easiest and therefore the best 
of the Jot. 


Independent Method 

The above described methods are ah for the utilisation 

knowledge of the decimal shape of a fraction whose 

is unity, for deriving the corresponding deamal form y 
multiple of that fraction. This is all right, so ^ ^ 

What about a person who has net go. such * rtudy4^ ubte 

torefcrto7InLhacase. should one 

chan and then manipulate ii-cyclicaU)-.n oneofO« way j 

«pUined. for getting the required res^l'^ such j«rwna, we 

That would, of course, be aluurtj- . - ^ ^ without resot'inS 
have a totally independent method, y ublc. one «n 

•cany such previously prepared or newly „lioie 

readily deal with the particular f^cho" explained 



... respect of I he basic fraction and without the sljgKicj 

cnee or deviation in any particular whatsoever Ihcrcfronj 
For example, suppose you have to deccmalise f. 
will be I and as f -i}, your Ekadhika Purva will be 5. ^ 
on dividing by 5, in the usual manner; and you get the ch'^* 
explained in the margin :?- = }»"• 4 2 8 / 5 7 j 

14 2 / 


After you get the first three digits 4, 2 and 8, you find that wl 
dividend is 28; but this is D'^-N, 49—21. iio you niay ^ 

here and put the last three quotient-digits down as 5, 7 and i t 
complements, from nine, of the digits already found. 

Or you may continue division till you get 21 as the di^ 
dend; and as this was your starting-point, you may pul 
digits down as a ‘‘recurring” decimal. 

'Hiusf=428571 

Try this with A, H, and so on, with any number of case 
/^d you wiU always find the same thing happening right tliroui 
^ of Item. Thus, for those who do not have a tabulated schedul 
bef re them, this independsm method is also then 

and you can make (bll use of it. 

»'■ ■' 'hould aito be nole 

£ ,0 sSTn ’■ *■» have merely t 

iheUrt^iUon^M taJun; 

J: L™ f “ « 


RK*Frn;Ur.ON(ANDSU|.pLEHENTAnON) 

Over an4 above ih^ 

there are several and explained herein-^ 

principles, features charni^^^ - instructive and interesting 
'[^gar fractions into question of conversion of 

the quotients etc. For the respect of the lemajnclcrs, 

summarise students, we propose now 

of the subject r ’ ^PPlement and conclude llus portion 
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(|)A5 regards the remainder >seh.. 

D^N cames up before us ai a remaindc^.r'^ 

dcrt arc aU complcmcnis-from the divi J, ^ remain, 

the remainders already obtained* ’ <^aomin«of 

(2) Tlusamoinatica]lymcans that the «. .• 

obtained and the quotiem-dijUssii) I to ab^y 

ments from ninci ^ found, are comple- 

(3) If we take any remainder and miUiiniv it t,v , 1 , ^ 
the last digit, the last digit of the prodtSa^ll^.l, 
at that step. The formula here It-nft 

^HkfnflCafomejaj)wluchisthereforeof the utmmi 

and praelical utility in malhemalical computations. For in^nt. 

(1) J The ternainders are 3. 2.6.4, J and 1. Multiplied by 7(the 
CarflmdffAfl) these remarnders give soccessivcly 2J, U 42 
28.35 and 7. Ignoring the left-hand ride digits, we simply 
put down the last digit (Cawn:drfJfeo> of each product: and 
lol We get}--1428571 

(2) iV The remainders are 10. 9. 12, 3, 4 aod l. Mulii|riied 
successively by 3 the last digit, these remaiaders give 30,27. 
36, 9.12 and 3. Ignoring the previous digits, we write down 
merely (he Cara/nSfika the last digit of ea<^ product; and 
loi 076923! 

(3) ^ The remainders are 10, 15, 14,4,6,9.5,16/7,2,3,13. 
11. 8.12 and I, Multiplied by 7. they give us successively: 

70, 105, 98, 28, 42. 63, 35.112,49.14,21,91. 77, 56. 84 and 
7. Dropping the surplus, i-e. left*side digits and putting 
down only the Carm^kas the right-hand most digits, we 
have *-.05882352/94117647 

In fact, the posiUon is so simple end clear that we need not 
multiply the whole digit, write down the product and Him dr^ 
the surplus digit or digits. We need only put down *>“ 

manta the right-hand-most digit at the very outset as each step 



niulJiply any remainder by X cast out iJic 
ininiedialcly spot out and announce llic next ren^*^ 

3x3-9; 9 - 7-2; /. 2 is the sccomi rcmaijit]„^ 
2x3 = 6. This is ihc lliirJ remainder 

As 6 is D-^N, we may slop licrc and by the rule r 
ments from the denominator, we may put clown 4 5 ^^ 
remaining three remainders. ' ^ ^ 

Or, if we overlook the D^N rule or prefer to go on . 
multiplication by 3 the geometrical ratio, we get: ^ 

6x3 = IS; 18-14=4; and this is the 4ihrcmajndcf. 
4x3=12; 12-7-5; and this is the 5th rcmauulcf. 

5x3-15; 15- 14=1; ard this Is the 6th and last renuincler 

We have thus obtained from the first remainder, all the 
mainders: ^ 

3. 2 , $, 4 , 5 and 1. 

And l>om these, by multiplication by the Caramanka 7 , wm 
all the 6 quotient-digits as explained above: 

.1* 4, 2, 8, 5 and t 

This is not all. Instead of using the fir^t remainder 3 as eur 
geomcMcal ratio, wt may take the second one 2 , multiply each 
preceding group of 2 remaindefs by 2 and get 32. 64 and 51 for. 
by^tiog out the sevens. 6x2-7-5; and 4x2-7-1. And 
raulbplying these 6 digiU b> 7. we again get the Carowdto 
M2 8 5 7asbefore. 

Or we may take help from the third remainder, U. 6, multi^y 
»ne preceding group of 3 remaindere and get 3 2 6, 4 51 for, hy 

out the sevens. 3x6-14-4; 2x6-7-5; and 6x6-35 

ft. 'Tiultiplyiog these bame 6 digits by 7 . we again obtain 

th^flramd4terU2837asbefore. ® 

applicable to the fourtfi 

utility. But wf. pL Purely academical and of no practifial 

rating mathtmnr- a principle, nay a universally d** 

««ual univcR^iiti^ f ^ therefore demonstrate ilt 

«dlaggroupoffou, ^ 

4x3-7* 5; 4x2 y 4, we again get 3264/51. 

4x6^2lm2; 4x4-14^2; 
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2?1 

only dilTerencc is lhat the lint iv«, jj.;,, , 

fjadystafled repeating themselvcsl 'o have a|. 

If we now take the 5th remainder. < anH . 

«ding group of 5 remainders by 5. we ag,i„ '''« P«- 

3^5„U-1;2xJ-7-3;5x6-28-2^x 4 u 

And. if wc follow tlie $artw procedure with the 6 th r. • v 
ie 1 and mul.iply tKe group of preceding cemaind." 
win. of course, get the same preceding remainders over again 
(5) !o the case of 1 7, the first four remai nden are: 10 15 14 
and 4. As 4 is a manageable multiplier, we may make use of it as 
a convenient and suitable remainder for this purpose. Ul us 
therefore multiply the group of four remainders already found by 
4 and cast out the scvcnieens wherever necessary. And then we 
find: 

4x10-34-6 10. 15, 14.4 

4x15-51 -9 10.15.14.4. 6 

4x 14- 51 =5 10> 15, K. 4/6. 9, 5.16/ 

4x4-16. But as D^N -16. we can stop here and set down 
all the other remainders by subtracting each of the above digits 
from 17:7.2.3. 13/11,8.12 and 1 . And, mnltipiyjng each of 
these 16 remainders or rather their CoramSAkas, i-e, units digits 
by 7, we get r 

\Vr.658823 52/941 I 764t 

Still AKOTUEfc Method 

Besides (1) the corolIacy-MW (2) each remaind«xthc l«i 
digit method, (3) the Ekadhika process from right o fcn a^ 
(i)thtEkSdhL method from left '“"S''*’"'7. 
method whereby we cao utilise the 

reUlionship and deduce the ‘a™ across a 

proress. Md it is this, namely, that as soon as 

dear ratio between one Jversal application 

«n lake that ratio for granted as being ol un 

and work it out all through. For remainders 

In the case of 19. wt have I0and5as ihc^‘» 

*nd wc note iJiat 5 is just onc-half of l®n* .tould be ooe-half 

wo can deduce lhal the ncKt remainder shoum 



or 5. Ihii, as 5 is nnt exactly divisible by 2, we ad<I 19 
i( 2*1 and piil ilown its lialf, i.c. 12 as the next rcniaintu 
gives 6, (i gives 3, 10, 5, 12, 6, 3, I|, 15^*^U 

3-!-19 gives 11, % 14, 7. 13. 16, g, ^ 1| 

15, 


IM 19 gives - 

15-[-19 gives 17 and 17+19 gives 18. And we stop theie ajvi 
down the rejnaining lialf of the remninders by subira 
from 19. Having thus got the remainders, we multipj?^'^ 
Citrwnfmkasby 1 lliclnsl digit of the answer and we wt ^ 

qiiolicnMiglts .lufomalic.'^tly- ^ 

N.B.: The nilio in question may be noticed at any stage of the 
work and made use of at any point thereof. 

In the ease of •ff, we liavc ihc remainders 10 and 15 at the very 
start. We ciin make use of this ratio immediately and through* 
out. with ilw proviso that, if and when a fractional product is 
lUrcaicned, we can lake the denominator or as many multiples 
thereof ns may be necessary for making the digit on hand exactly 
divisible by tlic divisor on hand. 

Tlius, jn ihe case of iV. we have the remainders 10 and 15 to 
start witli the ratio being I to 1+ So, whenever one odd number 
^ps up. iu successor will be fractional. And we get over this 
difficulty in (he way just explained. 

And when we get a remainder which is numerically greater 

down the remain- 

" 

U5«, i.e. 14, Ugives us 2 , 7 2 1 pi 11 « 1? 1 

i-c.4;4givesus6;6give; * ’ 




Numreh OF Decimal Places 

Cw wCSir' “ to ho. 

Sion, 11,c decimal Places which, on dj 

•iciualiyconsiiiof of a given vulgar fmclion ' 

h'rclo, we must point out ih 

—made a deiaii^H 'l* . Preceding sub-section on this sub 

alytical study of the successive remaindi 


213 

sUlemo 


i" before us. , 

Lm which wilxoui accu.-il division lo 1 ^ ® ‘'*'> 1 , 1 .- 
we beforehand all live forllicominj renwilrf'^*'*an n^r' 

any lime, ai a inomcm s notice! ^ P^pa^d 

\ll this jncaiis. in effect, that, 

(,•) As soon as 1 or oilier starting point is , 

analysis, wc will have completed tKewhole*, L“ '""’'‘r' 
saiionand therefore know the actual num^r 
places coming ahead. The cates i . 1 , -1 j f 
provedthis. etc,haveril 

(,V) As soon as we reach the difference between the numerator 
and denominator, we know ws have done half the work and 

thatthe other halfis yet to come. The cases ofj etc., whidi 

we have dealt with /» exicnso Imve proved this too. 

(Hi) As soon as we reach a fairly snail and manageable remaiu- 
der in our mfnta! calculation, wt know how many more steps 
we should expect. 

Let us again take the case of | by way of illustration. The fint 
remainder is 3 ; and used as a successive multiplier with the pro- 
visioaforthe casting out of the sevens* that first remainder- 
multiplier brings us on to 1. 

When we have done two steps and got I and 4 as the first two 
quotient-digits, wc find 2 is thcremaindtr. Multiplying the first 
group of two digits 14 by 2, we get 28 as the second-group with 
the remainder also doubled, i.e. 2x2=4.14/28/. 

Multiplying 28 by 2, we get 28x2-56as the third ^up and 

4x2=8 as the remainder. And then, by casting out >»>«««“' 

we obtain 57 as the quotient-group and i as the r®^'" ' . 

as this was our starting-point, we slop furtJier comp 
<i«id«that 4, when de^maUsed. has fi dectma! places .n the 

Going back to the case ofVf and 4 as the 

4 steps, we got ,0588 as laS, 'v^ 

^'Tiaiijdcr. Multi ply j n g the former by . ^ remainder; 

^2asihe«condquottcnl-groupand4x - . iiand 

y there we sloped, because wc 1.04 the 
*"4 knew the other 8 digiu. Thus 
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A5 a geometrical series is of the standard form 
on, v'c arc able to utilise 2 and V in the case of i*nd 
live case of iV and so on for helping us to pt^ 
nuntber of decimal places in the answer. ThisJs 
principle utilised herein. 

jVoie'. 1. We need liardly point out that the Ekadhik 
has the supreme and superlative merit of lightening ou* 
and multiplication work. For instance, in the case of j ^ 
we have to do our division-work, at stage after 6la«,'bv'^ 
ii\t division, not by 19 or 29 etc,, the original den^nai^ 
by 2 or 3 etc- the EkddhikO'puna And this is the case with m ^ 
to every case, i,e. that we perform all our opcratiotisHe & 
sj-stem—with much smaller divisors, multipliers etc., urf S 
rule is invariable. What a tremendous saving in effort UjMf 
time and cost! * 

2. We have purpg«!y treated this subject at great length uS 
ID detail, because it is very essential that the whole mauer shoeU 
be clearly understood, thoroughly assimilated and closely foliat¬ 
ed so that, even without the help of a teacher, the student may b« 
enabled to work out these methods independently in other an- 
tar cases and to fcnow—w.ih absolute cerlainly-thataiiyiBi 
erery vulgar fracOon can be readily Uckted and converted i« 
^corroponding recuming decimal wAofewr may be the (wn- 

*!“ of decimal places therein. In fad. 

.ii ; ,, v ii. easy processes are available-"! 

denominators and for all 

‘''eeld no liattr especially the recurringdecirtd 

'!«ythould hf.k °''*^'’‘®"*es'“dent. On the cooir«. 
‘he most welcome of all welcome friends! 


In PfATuaes (General and Speo*‘) 

^«e-.U<lenomi:Lf^l'k"* lambers lil“ 1’’^ 

e« less than "’«imum number of decimal!^ 

This isself^evidentand-- 

*■ •l>*«ef, is the actual nu«t^^ 

”''*"°"»v.thr!^,‘’^'“"'P'emen.s from nine is 



(4) For ffactio"!' ‘i*;' *. -.V. * «c.. 

J products of prime numbers. ,he numbSf S° 
,ljc\titiousTCsP«‘"'e factors in each case as Jn'jlon 

elucidated. "'U h 

(5) If and when the decimal.fraction obtained \ ' 

factorsofthedenoinmatoriscxactlydivisiblehJ!: ' of ‘he ' 

0 , factors, the division by the second factor lcav«^n ^“'o' 
And therefore the number of decimals obtained bv^, ^'"=‘>>>der, 
is not added to. Thus. ^ c first factor 

f''7x3 3 


Here, the numerator on the R.H.S. being exactly divisible bv 
3, it divides out and leaves no remainder. Therefore, the number 
of digits continues the same. 

This means that, in every case wherein the compkmentary 
halves from nine are found, the numerator on the R.H.S. must 
necessarily be divisible by 3,9 etc- And by rauliiplying the deno¬ 
minator in such a case by such factors, we cause no dilTerence to 
the number of decimal places in the answer. And consequently, 
we have; 

"7^" J^^?t i».01387^;anrfso on. 

Going back to the Ekanyunenn Sutra as explained in connec • 
IJOq with the Sanskrit Alphabetical code, we know that 142357 
-143x999-11 X13X 3’ X37. This means that since the nurae- 
tator is divisible by 11.13.3. 9.27. 37. 33. 39.99.117, 297.351 
and 999. the multiplication of the denominator 7 by any one of 
these factors will make no difference to the number of decimal 
places in the answer. 


« too. all the above 
-77x9W-3>x7xI.x 37. the^o * 

■naiionsoffactors will, by ‘, „!««. Noir. 

"o difference to the number of decimal plac« 

’-999X1001 -999 X 7X11X13. 

, . wiin-- 


I .676924 
13X3" 3 


n fit. 


'XIOOl -999X/xn^*-" , 

^ and comes under the same category 

X 3 
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(7) iV is a special ease ami stands by iueir. n,. 

Imvebecn expected to providcfor48 places.fim « 

fact, it gives only 42; and for a perfectly valid and 2 

i.e. i]\AU out of the 4S possible multiples^ 

}} and go into a dilTcrcnt family, as it were aod uk* t *1 
h f.i I t; have there places there as .14285?*^^ 
and so forth and need no place j'a the etc., group} 
since 6 go out of the 48, the reaiammg42accouwfc lS 
places actually found in the decimal equivalent of i jiJ . ^ 
- poefs mere poetic phanusy but a veritable mathen^ 


a 

verityl 


(S) is, in a way, an exceptoa, as jt contains only U dii^r. 
And, as this is an odd number, the question of the two conmk 
mem ary halves does not arise IJ3, however, is a sub-muliiplc of 
78; and there is no deviation from the normal in this respect. As 
at-aght-oncline mental method wdJ soon be given font ia Ak 

very chapter * ^ 

^Similarly -.V has 44 digits and ihns conforms to the sii8. 
multiple rule. And this implies that, like it will need anoUiet 

m“liipl« in order to 
multiples. An Incredibly eesy maiod 
^U^^ownm .ht. very chapter for reeling off the answer il 

«n P'*“» ■(>i- '■'■t«“ wholegsBut 

^ininil.!^. therewith. 

is first multiplied'by nTd'^w''^’ t”*"* 

“5) Vr has onlj 4| d®- * ®.**‘'’-""'ltipIe but odd. 

T3k9999 

<.7,A 

' —73 x 9999 

“«01 55555^ “ .607 W 27 
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^<^urr,ng tXcimih 

(18) A ^ <i'«usscd a liiHc laur. 

In the case of fractions whose . 

i diSit is f i»obui^“Ii" 7. .he 

^„j,or multiplied by 7. 'fom ihc de„„. 

( 20 ) i and -.V have been dealt with io deuH alfea<|„ 

(Jl)sVand iV are special because 27 x 37-M9 * . 
fcimal forms are .03) and .02). their 

(22) Ji- has 46 digits. 

(23) A- = 75 ^ »nd has only 18 digits. 

(24} A' has 33 digits (odd). 

(25) >V has beea discussed already (number f). 

(26) •A = 29^ ^ digits. 

(27) ^7* has its full quota or96 digiu. 

(28) In the case of fractions with denominators ending in I, the 
VeSdhika comes from the denominator multiplied by 9. and the 
last digit is 9. 

(29) A-.09 

A « and has been discussed under 7. 

(31) A will come up a little later. 

(32) A is 8p«ial V 41x271-11111 

I 41 41X9 00369 

(33) And. cOQversely, * 5^59 * 5^ 

(34) A - 77^ has 16 digits- 

Ahas 60 digits. 

(26) A has 35 digits (odd). 

- * - 012345679 (a very inieresimg 

57x3 3 

'3' And besides, -,*i" T5^l“ 999999 


( 57 )* 

”“inber). 

(«)* 
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Dirt Iwrc a big but which butU in and exclaims; ‘•y« 

is all right in its own >vay and so far as it goes. But, **•« 
Diinatofs go on increasing, w note that, although the 
of the decimal fraction is 1,3,7, or at the most 9 and 

>-et, the £k3dhika Furva goes on increasing steadily all ther^ 

and we have to multiply or divide successively by biggej 
bigger EkSdhikas, until, at last, with only two-digit dcaoa^ato* 

Uke6l. 71 audSlandsoon, webavenowtodeaUithS5,€4 ^ 

etc., as our multipliers and divisors, and surely this is net SMb ^ 
easy process. 

The objection is unobjectioDable, nay, it is perfectly comet 
But we meet it with quite a variety of sound and \‘al 2 d aoswen 
which will be found very cogent and reasonable. They are ts 
follows: 


(0 Even the biggest of our EkSdhikas are nowhere^o respect 
of bigness—near the original divisor. In every entf ) they are 
anailer. But this is only a theoretical and dialectical answer fron 
the comparative standpoint and does not really meet the intrinac 
objection about the Vedic methods being not only relaifrely 
belter but also being free frem all such flaws altogether! We 
therefore go on and give a satisfactory answer from the pOHtive 
and eonaructjve stand-point. 

(//) Even though the EkMiko is found to be increasingly un¬ 
manageably Wg. yet the remainders give us a simple and easy 
device for getirng over this diSculty. This we shaU demonstrate 
presently. 


(riOThe Ekddhika so far explained and applied is not the whole 
armoury. There are other auxiliaries too, wherein no such diffi¬ 
culty can crop up. These we shall expound and explain in a sub¬ 
sequent chapter of ihli very volume; and ihcy wiU be found cap¬ 
able of solving the problem in Wo ; and 

(ft) Above aU.thercijtheeroivnin8gcinorall coming up in a 

**'ereby, 

or..i!,» >>y “'f* menial 

der di.ii hvH—quotient and theremain- 

y referred toand shallMT*iai»q «-a4 in a later 
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^aptcr. "Pt^on “Sttaighi (o, . 

nivision *• *^^aiWoui) 

\ tl.e meantime, we take «p and wpUin the wav • . 

^Blinders come to our rescue and solve tW, 
for us- PfoMem 

l^tus *a^^«*’‘^stthecaseofA-.\VeknowimincdUt.iv,u . 

“'Si. 7. 

fi) Multiplying digit after di|it as usual by 7, we have* 
*-*-'•04347826086 /^ 5652l739n 

6 /343 n 526 2 

or (j’O dividing digit by digit as usual by 7, we have: 
*-*-.04 3478 2608 6/95652 1 739 13 
235514 646 

{jVi) These are the usual methods. But we ob* 

serve in the first chart, afier two digits I and 3 have been 
obtained, the next leftward group 39 is exactly three limes 
the extrerac-right-end one and we can im mediately profit by 
it. Thus 39 gives us 117, out of which we put down 17 and 
keep 1 to carry over; 17 gives us 5 1 + 1 -52.52 gives us 1^ 
out of which we set down 56 and keep I to carry over. v> 
gives us 168+1 = 169. Of these, we put 69 down and 1 
to be carried over; and so on. to fact, toe «*«> * 
is exacUy like the one which we follow^ f«m Uft to n|ht 

in respect of -.V (= • 02 M 0 * 16 32...). « 

A-.V-.MMTO60S «>. » H,b., 

or(/»)if we wish to start from the Irtienu,* 
th« loo is easy enough. 

We note that, the first digits process by multi- 

^mainder. We can immediately work by 2 

plying each two-digit group by 8 « we did lo tne 

•Qd frame the following chart: 

.04 : 32 : 72 : 24 : 08 : 64:aa‘Js®®" 

. • 5 : 


2 : 6 


^ ;34;78;26:l»8:«’' , . uy g to 

fliulii laical ions by 3 to th* 1®^^ ^ 
enough, Aren’t they? 


the 


are 
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ycilic AfathcnutUcs 


.02 12 76 59 57 44 68 08 51 06 382/ 
97 8 


u capa^>^« of univcw^l^^^ 

very already indicated and wJI ^ 

*n a little earlier, we 

"'■'"/>•« big“;‘;' ''isit is 9; and ,hc EUMko i. 2* ^ 

ongina) .Wff W€ 


Let u$ now take up artd try as j>roinised a. 

Obviously, the last digitis 7 and the 

rather umvicldly as a multiplier or as divisor V* ^ Thi*^' 
fore fry and sec what \>'c can get from ihc 
tiicm to be 10,6 etc. We can immediately poun^^^ 
our purpose and work in this way: ^ thji i 

.02 being ilie first two digits of ihe quotient and « ^ 

ratio, the next two digits are obviously 12. These 
us 12; but as 4 will be coming over from the right ^ 

and put down 7S. This should give us 4Sg, ofwhi^^ e ‘t*< 
has already been taken over to the left. So 56 remam. « 
wai be increased by 3 coming from the right and w-ii k.™*** 
-This gives us 57.44 and 68 for the next three 2.6!.!^“'* 
and 08 for the one thereafter. The 08 group of two 
ns 48 which, with the carried digit becomes 51. This gives' 
and 36 wWch becomes 38. And then we have 28 turniSTj » 
iben 74 which becomes 78 and so forth. Thus wc have* 


after 23 digits, the complemrw 
me have begun. So, Vft can complete the second half «4 
“y*lS—*62 12 7659 5744 68 08 51 06 382 
9787 234042 55 31 91 48 93 617 

ih« complicated divisions by the orisW 
tnanaiMflKi et and multiplications by the »* 

“•iltiSeJ remainder 6 IS our 

aiBWir! ^ toobtainallthedddiiiuofj* 

'**°i*'cut-and-dried mechsui^ 
kind ofaaa ^u?;^ of being applied to the 

fit into. " ^ particularly designed to mert 



Ki'currma OcHmitrs 

,hcrcfor^ vfi rcnuimdcrs and find a sifiiabb cetr/;/« , 
fccrtt. t' A-7 ' I 

lBilnsC3a.Nwcfind7 is tln^ first significint 

lB.viiiStlii-««'/WA:<r process out oraccoum for 

^yusethcpconjclricalprogrcs^on principle and 
^rposc thereby u, xvc did with 6 i„ the case »?! 
p,p«cd further and see whether a still more easily 

remainder is avaibWe further up. ^ wgcawe 

Well, we observe: 

*-,032258 with remainder 2. The actual remainders in order 

are; 10,7,8. JS. 25 end 2! 

This suits us most admirably, and we proceed further with the 
help of 2. Thus: 

.032258/064516/129,032/258064.. . 

But this means that, af^r only 15 digits an odd number, the 
decimal has already begun to recar I So, we simply say: 

-Vr = .03225806451612d! 

What a simple and easy device! 

Let us DOW lake up The last digit is 7; but the EkadhJka 
will be 681 So, we seek Kelp from the remainders. They arc: 10. 
3 etc., and the quotient-digits are .0103 .,. 

So, multiplying each quotient-group of 2 digits each by 3 as 
we did, by 2> in the case of i*. we get: 

^*,010309 27 8) 

2 

83 etc. ^ ^ y . 

Let us take one more example <i.e. gi?) ^ 

digit i. 7; but the EkaJhika wiU be fi98! It wdl su« Y not 

enviable task for even the most practised an exp ^ , 

liaon to multiply or divide, at each step. Y * . ™* 

We therefore aU seek help from the remamders and Ute gcu 

■WWral progression rule. .uecessive remainders 

The quotient-digits arc .001 etc., and t ., pjufijply each 
100. 3 etc.! This means that we ^ 

group of three quotient-digits by 3 and g 
of dccimal-pbccs. Wc thus have. 




Ur ■ ^003 : 027 : 081 . 

- 3 

Til cic. 

T.iEC0NVtW,0p«„H>N 

Having dealt, u, c.xtc7:so, will, ,|« convc«i„ 

lions into tlieir equivalent recurring iicoimT “^"“l£»rr, 

the converse process, i.e. ,he convenion of d«- “kt^ 

equivalent vulgar fractions. We do not, howlr'"“'‘ «t. J 

m.o such u detailed and exhaustive analytical “ » 

ive have done in the other case but only t^point*> 

u«c particular principle, tvhich will be found verj u^''^ 

pe«jcu!aroperation and inmanysubsequeotone, 

^Thepnncipleis based on the simple proposition ths. , . 

. 1 , 'Sas-ff*-!; and so forth ad miin^ s 

therefore foDoivs that all recurring decimals whose dj^s^'^ 

ductM*' "'^“'''®"'«"ne‘‘as to produces pro. 

^consisting of only nines as its digits, the opiraiioa 
^mes auiomaiically ojmplete. 

familiar dtd- 

^ dl7692S. In order to get 9 as the 0 76 9 2 3 
Us multiply this by 3, 

*0 8« 9 as the 6.769 23 
thes,'i"“!! '’’““'‘k ®‘''' 3 'o ~ -69 9999-1 

X '’^'•0"‘‘°™«>his,we find that .he 

«hai, because the aiven* ‘>0P »l>efe “^8“ 

‘hcfraciion should ^ t'-*' 

.-. X -i, ^ *" Uct, It is like saying I3x -1 

(2) Secondly, let i,« .* 1 . .. 

Were as the lastdio t* T*^®®®®*^ Wtaiidsceliowihi5 wofks^ 

lastdirit of ilifTs! ^*7* see 9 as 

*>y ’• And, puujn should multiply it 6 3 7 

o^eaji>9 as the ^ 4 to 2 7 

tUerc wl “TJT" 

"•ouW muliiply liie multi- 0 7*1 

0.699>>J 
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„ll««dl>i-: AT.d 00 doling so. we fiod that the product is 

I). Thcrcfoi-c, ilicfracuou x 27«l 

■ (3) When wciry 'ho “sc on42S5?. we flnd'ihat rauliiplicalioa 
I,y7stvesiisih0‘ill->"’c Ptoduci. .»999a(> 1); and iheretore 

(4) .047dl(lWc first multiply by I, see 1 .476 1 ^ 

in the penultjmale place, have to add 8 21 

thereto, multiply by 2 for getting that 8 and .04 76 1 9 
thus find that the rwiuired answer is 0.9 5 2 3 8 

^99999-1 

(5) Similarly, we may uke up various other dcdmals including 
the long big ones like the equivalents of h, iy, J,. 

h. h»ifl invariably we find our purpose achieved. 

(6) But, what about dedmals eadjog in even oumbers or 5? 
Well no integral multiplier can possibly get us 9 as the last 
digit in the product. And what we do iu such a case is to divide 
off by llte powers of 2 and 5 involved and use this new method 
with the final quotient thus obtained. Thus, if we have to deal 
with .S857{4 we divide it off by 2, get .142857 

as the quotient and find tltat multiplication thereof .2 ),^85714 
by 7 gives us the product .999999 -1. And there- .142857 
fore we say: 


(7) Let us now try the interesting 
decimal .612345679. On applying this 
new method, we find that multiplica¬ 
tion by 81 gives us I as the product 


.^x7=l.*. x-f 

.6 1 23 45679 
81 

.0 1 2 3 45679 
.98765432 
.999999999 = 1 


iV5. l.The student should also m^e use of the Ekanyiina 
formula-This is readily applicable in every case of ‘<Comple. 
oienlary halves” including 
. .. 143>*:999 11x13_ 


Thus, 142857 = 


11x13x7 


^ r * 

Similarly, .a7fi92S = ,i,;andsoon. 

i. Similarly, with regard to other factors too, it goes without 
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$aying lhal ih€ removal. In general, of common factors fron, ,l 
decimal and the denominator facilitates and expedites the 

3. The subsequent chapters cn '•auxiliary fractions" and 
sibility" etc., win expound ard explain certain very simple,!' 
easy processes by which this work of arithmetical factorisatioj 
can be rendered splendidly simple and easy. 

4. Above all, the forthcoming “Straight Division'* method ^ 
not merely render the whole thing simple and easy but also 

it into a pleasure and delight even to the cliildrcn. 

Some Salient Points and ADDirtONALTjurrs 


Thus, the Ekadhika process forwards and backwards and the 
geometrical progression rclatjonship between the remainders 
have given us the following three main principles: 

(0 The quotient-COmplementi from 9; 

(/f) The remainder-complements from the denominatorj and 
(»V)Thc multiplication of the Car<imSnk<t (last digit) of the 
remainders by the Caramihka (last digit) of tlic decimal, for 
obtaining each digit of the quot.cnt. 

Now. <5»r(jpojD/and in connection with this fact. tl» follow¬ 
ing few important and additional traits should also be observed 
and will be found interesting and helpful: 

(1) rn the case of H, the remainders are (I), 10 . 5 , 12 ,6,3. 11. 
15, J7. Ig/9,14, 7.13,15,8 ,4,2,1 and the quotient digits are: 

05253 1 578/947368421. 

(0 Each remainder by itself, is even and with the addition of 

the denominator, if odd, is double the next remainder. This 
follows from the Ekdditika being 2. 

(//)EachquotientKJiptis the Uat digit of iu correspoodin* 
reminder. This,, because 1 is the last digit of the decimal. 

2 i 1*’ "'binders are; (I) 10, 13, 14, 24. 8. 

9,\and^! ■ 2‘. 7. '2,4. II. 23,27. 

<«0 Each remai„der,f„i. “L - 


Rccuning DccbrtaU 

^jndcrthereafter. Thus 104-14,24- 

tn; 2 ^+ 22 - 29 - 17 : 8 + 17 - 25 ; “*= »+ 

.3.27-6:25^6-2,-2: IH2-20; 

jsr.5. Note llie casting olT of the denominator aU through 
( 3 ) Id tlic ease of iy» the quotient^igits are • 

1123595 505(5 1797 752 8081 


9887 6404 4943 8202 247191 f 
and the remainders are ( 1 ). 10 , U, 21,32,53 .85 49 45 < 
30.55.16, 71,87,69.67,47,25, 72,8. 80,88,79,'78 *68, ’ 5 / 
36.4,40,44, 84. 39. 34, 73. U. 2.20, 22.42. 64, 17. 81. 9 
and 1. (Note the Ratio 9:1.) 

The remarkable thing here is that the numerator+thc first 
remainder »the second remainder and that all through, the sum 
ofaoy two consecutive remainders is the next remainder there- 
aficrlThu$l+10^Il;10+l]-2l;U4-2l>-32: and so on to 
the very end. 

The general fonn herefor 19 a, d, a+d, a4-2d, 2a4-3d, 3a4-5d, 
5a+8d etc. The student who knows this secret relationship beu 
ween each remainder and iU successor can reel the 44 digits of 
the answer off, at sight, by simple addition 1 

(4) In the case of ff, the remainders are: 

(1) 10,21,52.46,65, 18,22.62, 67.38,64, 8 and 1. 

The general form herefor is a. d, a+2d. 2 a 4 - 5 d etc. Koow- 
kdge of this relationship will be of splendid practical utility in 
this case. Note the Ratio 8 :1. 


(5) In the case of Jy the remainders are: 

(010.31,34, 64,19, 52, 37,25,43, 16, 22, 13, 6t. 58, 28, 4, 

«.5S.<7.49,7andl.NoteiheRai:o7:l. 

"nte general form herefor is obviously a. 4 *+ ■ 

'9»+33(i etc. 

/A .a ^ _ 



. i 1 ^y| iftii?. 
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INIJUCTJVK CyNCLUSlON 

flavins examined tlic eases of J 7 , J-, jy ^ 

IhcfoUo'ving: .u 1 .1 u - ' ^ 

0) In every ease, «H5 start wjth 1 iJie basic nuntcraior ^ 
of pre-natal remainder which is perfectly justified because 
dealing with a recurring decimal; and we call it a; ^ 

(;Y) In every case, the first actual remainder ia 10; aud ^ 

itd; 

{iU) And then the successive remainders arc a, d, a-fd, 
a+ 3 d, a+4d respccliveJy wherein ihe coefficient of d isobvjo^ 
the deficit of the penultimate digit from 9! ^ 


Thus for it, we have a+Id; 
fo r ir, we have a -j-2d; 
for iy, we have a—3d; 
for it> ^ H-dd; and so on. 

(/m) And This retationsbip is maintained systematically 4 
through. In other words, each remainder-{-the next one ordMibfe 
that or three times that etc. - the further subsequent renuiader. 
Arguing thus, let us try ij. As 3 is 6 less than 9, the geoeji] 
form should be a-i-dd. This means 1 , 10 , 61 (i.e.9),64(ie-12). 

3,30(i^. 4) and 27 (j.e. J). And we find this to be actualy 
correct* 


(?) And, in case the pcnuftimaic digit is more than 9, w shouli 
react by subtracting d and not add to it at the rate of 1 for eac 
surplus. Thus, our chart wiU now read -a, d, a-d, d- (a-t 
j^^c. and so on. For instance, for tig, the remaindas m 
^0)10.-9,19,,28.47andsoon, 

(i^And, over and above all these details which arc differa 
1 ^ explained above, there is one mullipli« 

namely JO which is applicable to all cases! ‘And thus, 

^ 5, 8 or any remainder 

The stu^r n^ ‘''® ““I place with a awe 

'''«■ - ““ the examples d«h ;j 
femaindernfi.. particular sub-section, evetjs'^ 

®ede<l by the M ending in zero lias been invariably P 

rules about d, 2 d applicable in aU cases and ^ 
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Straight Division 



We now go on. to the long.promised Vedic process of streigh, 
(at sight) division which is a simple and easy application of Ae 
Drdhn-iiryak SOtra which is capable otimmeiiau applicaiionto 
oil cases and which wc have repeatedly been describing as the 
“crowning gem of all’* for the very simple reason that over and 
above the universality of its application^ it is the most supreme 
and superlative manifestation of the Vedic idea! of the at*sight 
inental*one*line method of mathematical computacioci. 


CoNNECONG Link 


In order to obtain a correct idea of the background^ Jet us go 
backa very briefly to the methods which we empbyedin the earlier 
chapters on division; and let us start with the case of 
According to the first method 
under the Nikhihnt etc., Sul/a, 
our chart will read as followsJ 


According to the second 
method by Fardvariya for¬ 
mula, we say: 


73 

27 


8 

6 


9 

21 

28 



534 


8 2 '. 


9$ 

116 406: 


% 

)• 


Tand R^OJ 


(26)28 : 


) :3 8 

9:82: 

3: 9- 

-9 : 

[: 

51 :-51 

f • 

: 153-153 : 

:3 

51 ; B : 

^5 y_ 

~4: 0 ^ 


(36)00 


We have felt, and stUl feeh tJ**' ^ cumbrous end 

*hort, intellectual and interesting mem the 

'I'-msy from the idealistic V<dw standpm^^,,„,b flaws and 

need for a method 

'^hich fulRK ii.« ill chest ideal of the 
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Vtdic MmUfmatici 


And that is as foJIows; * 7 ^ ’ i ^ ^ ^ 2 * 

Out r>f ilic divisor 72, wc put dc»wn ' • ^ ^ ^ 

only iliefirst dipit, i c. 7 intlicdivisor- 3 4 ; ^ 

column and put ihc oilier digit, i c. 2 *'on top of the Rag’* by the 
DhvaJSAkj SiVra. a$ shown in the chart alongside. 

The entire division is to be by 7; and the procedure is as 


plained below; 

As one digit has been put on top. we allot one place at the righj 
end of the dividend to the remainder portion of the answer and 
mark it off from ihe digits by a vertical line. 


(0 We divide 38 by 7 and get 5, as the quotient and 3 as the 
remainder. We put 5 down as the Srst quotient-digit and just 
prefix the remainder 3 up before the 9 of the dividend. In other 
words, our actual second-sep gross dividend is 39< Frorn this, we 
however, deduct (he product of the indexed 3 and the first quo¬ 
tient-digit 5, l.c. 3x5 = 15 The rerasifidcf 24 is our actual net- 
dividend. It is then divided by 7 and gives us 3 as the second 

quoiicnr-digii end 3 as the remainder, to be plnoed in their res¬ 
pective places as was done in the first step. From 38 the gross 
dividead thus formed, we subtract 3 X the second quottcot-digit3, 
I.e. 9, get the remainder 29 as our next actual dividend and divide 
that by 7. Wc get 4 as the quotient and I as the remainder. This 
means our next gross dividead is 12 from which, as before, we 
deduct 3 X the third quotient-digit 4. i.e. 12 and obtain 0 as the 
remainder. Thus we say; Q is 534 and R is zero. And this finishes 
the whole procedure; and all of it is one-line mental Anthroeiic 


in which all the actual division Is done by the simpIc-Hljgit 
Divisor 7. 


The Algebraical Pro(rfhereof is very simple and is based on 
the very clemcnury fact that all arithmetical numbers ate merely 
Algebraical expressions wherein x stands for ten. For instance. 
3x»-f-5x4-1 Is merely the algebraical general expression of which 
with X standing for 10 the arithmetical value is 351 . 

Remembering this, let us try to understand the steps by means 
of which 3 8982 is sought to be divided by 73. Algebraically 
with X standing for 10, this dividend is 38x*-f9x*-f 8x+2; 

this divisor is 7x4-3. Now, let us proceed with the division in 
usual manner. 




When "0 try to 
dirido 7%. Oiir 

fi«i IS 

5^s;a(iU, iti tiu* fim 
of (lie mulljpli- 
CTlion of tlic divisor 
by 5x% we gei ihc 

produci 4- !5x^ 

and this gives us live 

remainder 3xH9x2- 


7x-I-3)38xV|-9,= .| 


35x’i-lSx« 
“5x7^7^ 

' 24x=.(-8x 
21x'x9x 

= 29x+ 2 
2 8x+12 
X-IO 
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2t5x'+3x+< 


10 - 10-0 

15x=, wluch reaUy means 30x«.f9x«-3Sx«-24x=. This plus *x 
being our second-step dividend, we multiply ,he divisor by the 
second quotient-digit 3x and subtract the product 2Ix’-f-9x 

therefrom and thus get 3x»-x as the remsinder-But this 3x« is 

really equal to 30x which with-x-1-2 gives us 29x-h2 as the Ust- 
step dividend. Again multiplying the divisor by 4. we get the 
product 28X-H2; we subtract this 2Sx-f-12, thereby getlingx-10 
as the remainder- But x being 10. this remainder vanishes! And 
there you have (he whole thing la a nui^lwll. 

It will be noted that the arithmetics! example just hcrcabove 
dealt with (i.e. is merely the arithmetical form of 

3Sx^+9x*+8x+2 and the arithmetical chart has merely shown 
7x4-3 the above given algebraical operation in its 

arithmetical shape wherein X-10 and 3 : 38 9 S : 2 
that, whatever the algebraical work- ^ ii 3 3:1 


iog has taken a remainder-digit over 


TTTTo 


to the right with a zero added, the arithmetical chart shows 
that particular remainder prefixed to the digit already there* 

Thus, where 3x» has been counted as 30x* and added to the 
9x« already there and produced 39x‘ as the result, this algebraical 
operation has been graphically pictured as the P''‘«’"8 0 f 3'o 9 
•nd making it 39! And similarly, in the next step ofth ^ 

‘be remainder 3 is prefixed to the 8 already \ 

1e»l With 38; and simiUtly, at 

“slZwhichthe 3x4subtraet«dthefefrom^« 1C 

fn other words the given expression 35x T ^ 3gjS^37x-i-I2- 

subsiiiuiedforx is actually the same as -r 
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35jc®+36xH37x+12 

7x+3 7xH-3 * 

graphically, ihis algebraical operation 
is demonstrated arithmetically in the 
flianoer shown in the margin. 


3 :38 9 
7 : 33 


—0 

The procedure is very simple an<f needs no further exp^JJ* 
and explanation. A few more illustrative Instances with nnn* ^ 
comments, as usual will however, be found useful and helrn 
and are therefore gi ve n below; 

<1)Divide529by23. 3: 5 2:9 

The procedure is exactly the same and is 2 : 1 • a 

simple and easy. ]““2 - THi 

<2) Divide 4096 by 64- (3) Divide 16384 byils 

^•■W9;6: 8:16 38:4 

® ■ * : I : 12 : 4 II : 6 

■ 9 ■» : 0 : : 1 2 8 ; 0 

<4) Divide 7632 by 94 

(10 A-ew NiiUbrit meibod or (if) Newest Vedic method 

A i4 ^ ^ ^ A A 


r3 2 
r42 

: 036 
: 4 68 


4:7 6 3 : 2 
9 : 4:2 

ttt ttt 


Q-81 

R-16 


(5) Divide 601325 by 76. 

in the first division by 7. we can 6 * 60 1 3 2 ' 5 
put 8 down as the first quotient-digit- 7 • n g 2 *2 

bst .he ^mainder then left win I 

w small ror the subtraction expected at ~ ^ 

remainder 

reference and verification it will 1"^®'’ 

* quoitcnt-digii because 

at everv a ^ ^ ttscif for vcnJicaijon 

need not involve ourgmng"baek toTh^^h ‘“f 

v/liolc thing over again. ® *>e8inningand starlingthe 
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3100 by 25. 


, ^ * Oj 0 : 

2 : I 2 


: 2 


:l 


2 4 roT 


algebraic tcrmiaMogy, 3l00 = 3x»+x*- 2 x»+ 9 xt 4 -R 
+ 20 and the above example i« tbc arithmetica] way of 
ibat2x>+9x*y+8xyH29y*-(2x+5y) (x«+2xy-i-4a2) (U. 2sx 

J24-3100). 

(7)SimiUf is the case with regarf to the di^sion of 383^ h9x* 
+Sx+2by (X-1), wherein Q-38>c*+47x+55aod R-57. 


(8) Divide 695432 by 57. 
7 :69543 : 2 
5 ; 1210:3 


: 1 2 2 0 0 : 32 : 

(10) Divide 7777777 by 38 

8:7 7 7 7 7 7: 7 : 
3:1 1 5 7 8:7 : 

:2 0 4 6 7 d : 13 : 


(9) Divide 3279421 by 53. 
3:327942: 1 
5 ; 246S : 6 


61 d7J :46 


(II) Divide 500001 by 89. 
9 :S00 0 0: 1 
8 : 10 7 8 :tS 


J 6 / 7 r 88 


(12) Divide 37941 by 47. 

7 :37 9 4 f 1 : 

4 : 5 3 ; 6 : 

(13) Divide 745623 by 79 

9 : 74 5 6 2 : 3 : 

7 : 116 9:9: 

: S 0 7:12: 

: 9 4 3 d :2I : 

<J4) Divide 7453 by 79 (to 3 
places of decimals) 

9:74 5 3 .0 0 : 

7 : 11 6 6 5 0 : 

(15) Divide 710.014 by 39 (to 3 
places of decimals) 

9:7 1 a 0 1 4 : 

3:4 82264: 

• J 8.20S> : 

: 9 4 .) 4 2 2 : 

(16) Divide 220 by 52 (to 3 
places of decimals) 

2: 2 2 0 .0 0 0 

5 : 2 2 14 

: 4. 2 3 0 8 : 

(17) Divide 7.3 by 53 (to 5 

places of decimals) 

^.7 3 0 0 0 0: 

5 : 2 5 6 4 4 1 

-MjjjJjI 
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7I by 83 (10 ^ ploccs of ^ccjin^ki^^ 
3 . 7 1 0 0 0 0 : 
a r 7 6 5 3: 

0 .85 5 '4 2...: 


(1$) Diwdc 1337 by 79 

(0 By the 
metiiod 


79 

: 13 
: 2 

: 3 7 

: 1 

10 5 


15 

: 52 
: 21 


: 16 

: 73 

(20) Divide 16SI by 41. 

1 : 

16 

8 I : 

4 j 

0 

0 : 


: 4 1 0^ 


(''0 By the vejfc 

method 


9: 13 3 


: 12 



N.S.i The Algebraical fonnh: 


16x*+8x+l 

4x+l 


-4x+l 


(21) Divide 115491 by 137. 


7 

13 ; 

: US 4 9 

11 6 : 

1 : 
2 r 

4 

8 4 3 

0 : 

or in Algebraical fonn: 


J3x+7 :115xH4xH9x+I(Sx‘+4x+3 

: 104x3H-56x* 


JU«-52x»+9x-58xH9x 
.•.E-I04x>+108x*4'67x+21 52x*+2«x 

■6?3x+' 

•*'Q^8x*4-4x+ 3 I -41x+ * 

•(i.e. 843]&R=o / 39*+?!. 
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(23) Divide 3517 by 127 
Peaces of decimals) 
35 1 7 


(to 3 


12 


, 0 0 0 
11 13 16 10 13 


2 7 9 2 9.,. 


23 


8 


70 


3 1 
f 7 


9 ; 


8 5 4 4 3 3 


8 5 

4 4 3 and 
R-273 


we 


> 22 ) Divjiie 7458 by 127 (to 
' 3 pl;icc5 of decimals) 

7*74 5 80000 
,2 ; 14 148784 

: 5 sjY4 4... 

Divide 7031985^ 823 
Here, the divisor is of 3 
di^ts. All the difference 
which this makes to us is 
that, instead of putting one 

extra digit on top, we put both the extra digits 23 there; and wc 
adopt a slightly different modus operandi on Ordhfo-tiryok 
tines !D respea of the subtraction^portion of the work. 

In this instance, we divide 70 by 8 and set 8 and 6 down in 
their proper places as usual. Thus, our second gross dividend Is 
now 63. From that, we subtract 16 the product of the first of the 
fiag-digics. i.e. 2 and the first quoticnt-dlgit, i.e. 8 and get the 
rernainder 63— 16 =47 as the actual dividend. And, dividing it by 
8, we have 5 and 7 as Q and R respectively and put them down 
at their proper places. So now, our gross dividend is 71; aod we 
deduct, by the CrdJtyo-Tiryok rule, the cross-products of tw 
flaB4igtt5 23, and the two quotient-digits 8, 5, i.e. 10+24 - ; 
andourremaiQdcrU 71-34-37. We then continue to divide 

agnin by 8 and subtract etc, ‘rho“ I 

plicaiion as just now expUmed by the WvMi^riy 

mthe last digit ofthe dividend isreached. And that Sn.shestn 

of the number of 

And, in other divisions loo, ir ^ in every 

digits in the divisor, we follow e » a ynali 

case, our aaual divisor is ^ can easily divide 

two-di^tonelike 12, 16 and so o Hjvtsor are hoisted on 

by. And aU the rest of the digits o .^Straight Djvj- 

the flag-top. And this is the whcle secret 

Sion** formula. 

T'fore: If Instead of the the 

^nt the remainder, you can ^ ^ pve us 20, .j^tbe 

c«e.23and44bycro«-muItipli«^^°^"^Ph, ,»« 


- ,ug Quotieat, yo'* 
decimal V 1" 
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last obtained quoiicnf-digii -12. Subiractin® , 1 . 
two» i.o. 212 front 485, we have R ^273 i ^ 

-273. ’ 

Some more instances of division by thr,^ a> . 

are cited Wo.v: 

(!) Divide I06432I by 743 (to (2) Divide 222«« 

4 places or decimals) 3piacesQf7®'^^J|u 

43:106432100 : ,^5'^a.l.i "• 


(2) Divide 222220 bv 


•43;I06432l60 : ^"1,^22''^^?'" 

7 : 34457765 : 7 .'^^22200 . 

• 1432.4643 : 

.•.R-52i-m-6.=345 R-Hr^rio; 

(3) Divide 888 by 672 (to 3 places of decimals) 

72 : 8 8 8 0 0 : or 52 ; 8 • g Ji 

6 : 23342: 7 . !, ** 

•* ^I :R-2I6 

or by mere Vihka/HBh (Inspection) 


• 3 0137^ 


(4) 28 ;638 1 8 : 2 7 : 

5 : 1 I 65 : ; 

■ I 2086 :R-419: 


(5) Divide 13579 by 975 
75 :13 5 ; 7 9: 

5 ; 4 : II ; 

3-. - 

R’-n79- 260-15 ~904 
(7)Divide 7143 by 1171 
(0Bythenew/>afjvfl«L.o 
method 

—-liZI :7: 1 4 3 

“ i — 7 —T ' ■ n An 


^;^7-49^7 

^ 6 45 4 
^-10^5^ 
^ 117 : 


w 35 :638 18: 2 7 
5 : 1045 : 4 12 

; 1208 6irRc.4» 

(6) Divide 513579 by 9» 
39 :51 3 5; 7 ' 
9 : 6 12 :14 

: 54 6 ; 

R-1479-540- 54 -J 

{if) By the new 
1171 :7: I ^ 


1171 

-l-7~l 

-2+3-1 


^14+21' 

-13+25' 

-1054 

ttT 
















Straisht i>ivUhn 

{Hi) By the newest Vedit method 
71 :7I : 4 S: ... 

J_= 543^426-/; 7 

: 5 r I 0: 
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Divide 4213 by 1234 (to 4 

^ places of decimals) 

34 r 42 : I 3 0 0 0 
12 : ; 6 4 7 3 2 

: 3 : 4 1 4 I 0 


W Divide 467&I by 1483 {Uy 
3 places of decimals) 

83 :46 : 7 8 1 0 
Mj ^9 11 12 3 

: 3 :1 .5 4 S 


(10) Divide 3124 by 1532 (to 3 
places of decimals) 

32 :31 : 2 4 0 

15 : : 1 6 0 

(11) Divide 333333 by 1782 
(to 3 places of decimals) 
82 :33 : 3 3 3 3 
17 : :16 19 8 11 

: 2.: 0 4 0 

: 1:8 7056 

(12) Divide 46315 by 1054 (to 

3 places of decimals). 

54 :46 : 3 1 5 0 

10 : : 6 13 10 8 

(13) Divide 75313579 by 1213 

13 :75 : 3 1 3 5 :79 
n . -3 3 11 11 U 

T 6 :2 0 8 i 

r 4 : 3.9 4 2 

R = il79-344-835 

R = 131S-310-I2-992 


(14) Divide I3S79I by 1245 

45 :13 5 7 : 91 

115) Divide 13579 by I61d 
16:135: 79 

16 ^ ^ 

12 1 11 

: i 0 9 : 

R^-49|_40S or 130-44-86 

7 T: 

r„ 7T9.-|28 or690-.'9 '«51 

f 16) Divide 135791 by 1632 

32 : 135 7 : 91 

16 : 7:5 R' 

•83: 

,591-250-6 335 






} 'ct/lc Aftufn’tnf3ftc.i 


2JS 

(17) hy I <*27 

27 :97 5 r M 
i n :21 


or 


16 


J6 


27 - 9 ? 5 


: 5 9 r 


R. 2131-593 
L538 


(18) Divide 97531 by 1818 



18:97 5 
18 : 7 


5 3 


31 


16 


1631-454 (or 1200-23) • 1177 


(19) Divide 13579 by 2145 


45 


21 


135 : 79 
: 9 


R-979-270 or 930 -221 - 709 


(20) Divide 135791 hy 2525 


25 


25 


135 7: 91 
10 02 


S 3 : 


And R-2291-305 or 1980-14 

_-.1966 

(21) Divide 5011 by 439 (to Uircc places of decimals). 

3^ • 5 0 1 I 0 r 4l : 50 : .110 : 

4 r 1 3 3 6 ; Of 4 : 1 j .222 : or3U-l» 


: 11.415 


: 11 :.4l5 : -IS! 


<22) Divide 1561 by 349 (to tliree places of decimals). 


49 


15 6 1 0 
3 8 85 10 

T.475 277 


or 


51:15.6 1 0 
3 ; 34 4 


: 4.47277 

AndR-36!-l96->^ 


And R^e 361 ^196 
or200 - 35«165 

(23) l^ivide 47 by 798 (to five pbces of decimals). 

^98 : .4 70 0 0 0 02:.4 7 0 0 ^ « 









u U by 830 


: J •; 


• ^ 13y mere vUnij^. . - 

AnJli- m-2.9 272 '“"‘f''si>c«ion) 

\V<rnLWCMcndllii;jiiris<liciionoftl,c ssim 
di,-iscirsci>nsis(ingof.n l-Tpe number of dioii. Th„ 

vobfJ "'c Proecdtirc is also ideniicaHv?,!'’'' 

ss in (he foregens examples. And the division by a lln!i a 

orasmallwo-digil divisor continues ewctly the 
iDusirative instances are given hereunder; ’ 

iD DMde 7031.95 by 8231 (2) Divide 995 311 by i«i23 


(0 Dbide 7031.95 by 8231 
(10 5 decimal places). 

231:70 3 1 9 5 0 0 
S : 6 7.5 4 6 3 

; .8 5 4 32 

(3) Divide 975 311 by 16321 
231:97 5 :3 I 


99 5 
3 

TT' 


3 I 1 


7^-13311 -1503 (or I2000+TW 

+»-11808 


97 5 ; 3 I 1 
1 :3 

6 0 :R = 1500+H+l or 33U- 1860-1451 


(4) Divide 975 311 by 16 333 


97 5 
17 


I I 


R-16311-4627=11664 
or 1210a+2I0*i'2g-11664 


(5) Divide 975 311 by 18123 
123:97 5 : 311 

18 : 7 : 16 


3-15000+200+9 
(or 16311-1519)- 


(6) Divide 995311 by 20321 
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(7) Divide 997531 by 30321 

321 r99 7 531 

V> : 9 28 R-27300-4(1^1 

: 3 2 (or 28531-U72).27^35 

(8) Divide 137294 by 5749 (to 6 places of decimals). 

749 : 13 7 : 2 9 4 0 0 0 

5 I 3 :8 U 13 14 14 8 


: 2 3. 8 8 I 371 


or 

351 : 13 7. 2 9 4 0 0 0 
6 : 1 5 3 2 5 3 0 


: 23 . 88 1371 


(9) Divide 53247 by 4999 (tu five places ofOccintals). 
999 : S3. 2 4 7 0 0 0 
4 : 1 4 9 11 14 12 9 


: 10. 6 5 15 3 .. . 


or 

00Tr5 3.24 7000 
5 : 0 3 2 0 2 1 0 

: 1 0.6 5 15 3 ... 


(10) Divide 138462 by 39898 (to 3 places of decimals). 
9838 : 13: 8 4 6 2 0 0 
2 :4 9 13 14 17 21 

: 3. 4 7 0 9 3 


or 

r 13; 8 4 6 2: 

4 : :1 2 3 * ; 

; 3. 4 7 03 : A'.ABettterdiviJ^'’^® 


Better 10 dmdo 
by 50 




jjtvishn 
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j : I 7 It 13 19 
: 0 0 6 6 1 6 . .. 


or 

0201 : 1 3 loco 

2 ; I 11 

; 0 0 6 6 16 UB. Better to divide by 20 

/12) Divide 76432 by 67998 (to 5 plates of dedmals). 

^ 7998: 7 6 4 3 2 0 

6 : 1 3 6 7 9 10 


: 1. 1 2 4 0 3 


or 

20(^:7643200 
7 0 1 2 6 7 18 


:l. 1 2 4 0 3... 


(13) Divide 2537 by 48329 
8329 : 2 5 3 7 0 
4 : 2 5 5 10 16 


or S33I : ^ 3 3 7 0 0 
5 : 2 0 3 11 


: ^ 5 2 4 9 


: -0 5 2 4 9 


(14) Divide 371fi28.112 by 12734 (to 5 decimal ptaces). 
2734 : 371628.112 

1 : 14 87 11 8 12 8 H H H 


: 29.1839 25868 


Belter 
divide by 12 


334 

13 


or 

3 7 1 6 2 8. 

n 0 14 3 14 _ 

— r-TT'rrniii 



B. Here we have divided by 


2S2 


yfd/c Um/umatlcs 


(IS) Divide 4! 326 by 3I04C (to 5 dedmoj pUc«s) 

ICM« :4 1 3 2 6 0 0 10S|:4 I i 

3 : I 1 1 2 4 or^ . , i 

i i I 2... TuTm * 


<16) Divide 20014 by 13760S (to 9 decimal places), 

37dM : 2 0 0 I 4 0 or 43112 ' 2 0 0 i j ^ 

1 : ! 2 1 0 ” 

5-1 4 5 4Tr 


: 13689 

777777777 . 


MjB. Better divide by 13 


<17) Divide .0034147 by 81.4356321 (to 6 decimal places) 
14256321 ! 0 0 3 4 1 4 7 
8 _ 3 2 9 5 

:.0 0 0 0 419 ... 

MB. The Vinathim method is always available but will 
not laahe much difference. la fact, it may prove 
stiffbr. 


(19) Divide .200103761 by 93.71836211 (to 5 decimal places). 
371836211 :.2 0 0 1 0 3 7 6 1 
9 : 2 5 7 7 


:.0 2 I 3 5 . 


(19) Divide 74. 5129 by 9.314 

314; 74- 5 1 2 9 0 0 0 0 
9 21309999 


: 8. 0000966 


Divide 71324 by 23145 

3145 : 7 : I 3 2 4 or 145 : 71 : 3 2 4 
2 ::1244 23 : :2206 18 


: 3 : 0 8 1... 


: 3 ; 0 8 1 



Slraighl Division 

Divide 137«6 by 743.2x 1,242.80,04 (to 4 pU« 

432 : 13 7 : 4 2 € 0 0 0 decimals), 

7 : 6 :7 II 7 5 4 8 


42 :184 ; 9 1 I 1 9 


12 : 6 12 15 15 7 U 


004 : 14 8 S g 17 


8 ; 6 4 0 4 9 


1. 8 6 0 0 9 


*1. 8 6 0 1 (approximately) 




^^venty-eight 

Auxiliary Fractions 



IP our »nd dctia,,] ^ 

l„ve so far been making use of processes ^hichhclpwi™^ 

mer resists .n «ch case. And. in „ « 

generiUy followed the current system whereby multiplications 
4 nd divisions by powers of icn are mechanically effected by the 
ample device of putting the decimal point backwards or forwards 
as the case maybe. 


CoNVEyriOKAL Method 

For instanccp we mampulate the decimal point llius: 

3.9 ... 17 L7 


I 


805 -” 
.... 3741 

^“>11055 


/ 5 \ __ 

7 •<'^7130 13 


.3741 
11 


and (5) 


97d54 .0097654 

90000U00 " 9 


But after this has been done, the other operations-of actual 
division etc.—have had to be carried cot in the usual manner. 

Auxiliary Fractions 

niere are certain Vedic processes, however, by ^ 

4id of whal we caUjflWyufcJ (auxiliary) fram.om, the bu^en uf 

the subsequent operations is al» considerably lightened and the 

work is splendidly facilitated. 

First Type 

The first and commonest type And 

application of our self-same oW , denominator by 

whole ikojA/s operandihio rcpl^ h increase'^® 

U to drop the last digit and increase 
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fcaic fliai'ifnianer 




one by 1 and make a consequential alicraiioti in ,1 
proecdurc as In the ease of other ^aiUjika operatic J* 

U.B.: The siudcnl will remember that, in 
fcmaindcf at each step of a division is not prcancd 
«fOcs from llic righc-hand side, but lo each quotient^ of 

Auxiliary Fractions (A.F.) (First Typb) 

(1) Tor the Auxiliary fraclioo is | 
-.652631578/947368421 


(2) for ir, the A.F. is J 

iy = l(AF) = .63448275862068/96551724137931 

(3) for UAF is 3.7/6 

(4) for A. AF is *e* 

(5) for il, AF is ^'4 

(6) fOTTiTi AF is ? 

(7) forTjy. AFis^i 

(8) for^-U. AF-«i 
Wfor AWi Ah=S¥ 

<10)for»J4R.AFi8i*V*- 

(n)totjHh> AF is 4.^11 

(12) rorTTfh» AFisi'fP 

(13) for^. AFisl'i^ 

AF=l-a*t|ai 

(15) for7^Hff„, AF-MA«Lii 

(16) forHffJ,AF-*-V« 


In the above cases, the first eight denominators endina sii^ 
nine; the remaining eight terminal in 2, 3,4, 3, 4, 6, 7 
nines respectively. The question now is:' Does it stand w 

that the Ekadftika should be the same in ih ®nd in nU 

pcctive of the difference in the number of nines? That wcniW » 
ttnlamount to declaring that the same significant 
^mdend.wiih two different denominators or drvisors will 
tftc same quotient! And that would be palpably absurd! ^ ^ 
.M, ”* flection is perfectly valid; and the rei^vant ^ ^ 
ounted this difficulty beforehand, by providing 
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‘hould be prefaed! And tha. »Iv«,he«hole 

pfoblcni. ® 


Modus Operandi 

For insunce, let us fake the sixteenth esimnlft r 

.h.« A.P. i. -i- ...d “”'i 


nioes: 


in 


Here, F is iUtll and AF is ^ we have to make 5 

lieu of49999 our working divisor. As we have dropped 4 nirZ 
Irom the original denominator and have 5 as our Ek&dhlka in 
the denotnioator of the auxiliary fraction, we have fo divide the 
numerator of the latter in bundles, so to say, of 4 digits each by 
5; and. whatever remainder there is, has to be prefixed not to any 
particular quotient-digit but to the bundle just already reached. 
Thus, we take up 2.1863 to start with and divide it by 5. 

We get r S) 2.1863 

.4372 as the first (.Q = .4372 and R-3 

quotieot^oup and 3 as the remainder. We prefix this remainder 
to that group and $ayr 

.4372 and we divide this dividend, namely, 34372 
3 by the same divisor 5; and we gel: 

.4372 : 6874 1 5374 
3 :2 [4 

U-6874 is the second quotiem-group; and 2 is ^ 
majndcr. which therefore wc prefix to the seco qu 
And we continue .his process with » many P 
Thus we have: .437Z ^65 ^4. ^3374, ^ 

tetany number, or tens, or hundreds or thousands e 

mal places 1 

The proof hereof is very simple: 

0001 : 2.1863000 
5 : I3I3432 


.43726874 

...P-.4172. 6*^n374, 9074.. 
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jV B ’ Tlic prefixed remoinders ar« not pjiris of 
but oaiy P«lix« !•> 'Itc qj|oticnt-Eroup in qucsiio 
tlicreforc to be dropped out of llic answer! »'« 

avoid divisionj k 

big divisors and Itavc small and easy denominatorg to dcau'“** 
The student will note that division by Wg denominator* J.?' 

continuous series of on the right-hand side and 

bythe Ekadhika with thepre^/f»g of the remainder at each 
yield the same result! And this is why the auxiliary frjc? 
scheme lias beca incorporated for lightening the burden of|^ 
big divisions. * 

A few more examples are given below: 

(1) Express ^ in its decimal shape. 

Here, F 


29 ..A.r. ^ 

F-^0689655172413 




(3)F-. 
<4)F- 
(S) F= 


17 

139 

98 

m 

{ 

43 ’ 


7931034482758S } 

AF-^.-. F-.79775280898 etc. 

AF 


1-7.- 


F-. 1 2 2 3 0 215827... 
3 34 03 




F*.54748603351955... 


129 P 


..023255813953488 


(6) F-17/43.51/129.-. AF-yj/. F-.395 348 837M5 •- 
<7)P-^. F-.246 57534... 

799 F-.06 63 32 91 61 45'*"' 

AT ^ ^ ^ ^ ans**' 

and fhii .06633291614518.. • i* . |C.« 

out 5 2 7 4 31 ... is a mere soaffoldinS <’»' 


15 


Auxiliary F,arll„„ 
.15 


Jvi 


sSr ’ T"F“»f668S2057 

, .02 * ’ ‘ S 7 

" TS"''- '00‘1 II 72 87,. 

llX> 300 ‘ <’ 

^ ■ 233 '699 P 'I29m$8rj35g22 

<> 5 3 5 3 1 2 
31... 

444 .444 ^ 

T3999'* 

10 7 2 3 

^ 97017 . .0097017 

^13) F“ 29999999 •• y 

F« 0032339/0010779/6670239 etc. 

0 2 2 


The studeat wiU have noted that the denominators in all th: 
s>ove cases ended in 9 Of 3 which could be so multiplied as to 
yield an easy multiple ending in 9. But what about those ending 
in I which would have to be multiplied by 9 for this purpose and 
vould, therefore, as already pointed out in the chapter on rewr* 
ring decimals yield a rather unmanageable Ekodhikal Is there 

izv provision for this kind of fractions? 

Y«, there is. And this ttkes us on to the second type ef aua- 

^177 fractions* 


AuxttURyFiUcrl0^s(SBCo^'pTyrE) ^ 

Utzi when F has a ri^uirTd t7P- 

terass the numerator by unity. This is 

o^aualiary fractions. Thus, 


fl)for3;61,AF-2/«)--} 
f2j for 26;6I, AF -35/60 -3-5/6 
f3)rorM,'71. AF“2T/70-2,7/? 
for-3,91. AF=72,I90-7.2.I9 

<i> for 2T2!. AF-1/120 - -1/I2 
ISjforU.'Ul. AF’13/139-17/ 





9 ^nuinrmottct 


(7) for I/30I. AF -0/300 - .00/3 
(S;for 1/901, AF-0/900-.00/9 

(9) for m/l30(.AF-171/1300-1,71/13 

(10) for 2743/7001. AF-2742/7000-2.742/7 

(11) for 6163/8002, AF-6162/8000 - 6.162/8 

(12) for 1768/9001, AF - 2767/9000-1.767/9 

(13) for 56/16001. AF-55/16000-.055/16 

(14) for 50/700001, AF - 49/700000 - .00049/7 

(15) for 2175/80000001, AF-2I74/80000000-.o^^^ 

(16) for 1/900000001, AF-0/900000000-.00000000^^ 


Modus Operandc 


ITie prindpUs, the prefixing to the individual quoticDM,- • 
or to groups of quotient-digits etc., and other details 

same as in the Ekadhika auxiliary fraction. But the 

different, in a very important nay, vital particular. And fti, h 

that after the ftrst diviaon or group-division is over weprefettB 

remaider not to each quotient-digit but to ito cojnpIeiwKfroa 

nine and carry oo the division in this way all through 

An illustraiive instance will clarify this: 

P 13 12 1.2 

Let F be jj-.. AF-jj--^ 

(0 We divide l.2by 3aad set 4 down as the first quoiktf* 
digit and 0 as the first remainder. .4 

0 

(U) We then divide not 04 but 05 the complement of 4 ^ 

by 3 and put I and 2 as the second quotient-digit sad 
second remainder respectively. Therefore wehave^^ ^ 

(itT) We take now, not 21 but 28 as our dividend, divi*!* W ^ 

and get; ,4 | 9 

0 2 1 

y>’)Thus.dividingl0by3,weLave: 4 19 3 

® 0. 2 1 1 a®* 

so on, until finally our chart reads: 

F (i.e. if)=- .4 193548387096 etc. 

0 21U21220222 
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* h^ys. thtfclcie, remember to take the complement r . 
^ flU0licnt-<3ig»i and not the quoticntJjgit itli?T ^ f 

subtraction etc. "mi ^ 

|^ofthesc<«ndtypcofauxiUaryf^ct^^^ '* whole 


Sotiw 

(J>F 


more jUuslraiive examples are given hereunder: 


1 

sr-* 


af4 


9 • 

F --h 2 4 3 ^/O 1 So, tliis is a definite recurring 
0113 0/0 ) decimal. 

(2) F-J.-.AF 

•. F = .9 859 I 54 92 93774647837323... 
64613362645534356652126 

91 _ 9.0 ;.F *.5 3 2 I 6 374 2 6 

(3) F- Tf 53210 612 74 11 15 


<4)F 


10 30 , .p 2.9 a .3 7 6/3 Evidcmly a recurring 

27'” gf***^* TT 5 0 2/5 decimal. 

1.30 (with groups of 2 digits) 

T 


<5)F-^.-.AF 


(^F 


.% F-.18 68 75 89 15 83... 

4 5 6 1 5 3 

13.99 (>\iih t\v' 0 -digit groups) 


1400 


A-TVS 

F.-. -.99 92 86 22 41 
13 12 3 5 3 

243 .. Z42(«i.hgroup.ofwo<lie.«) 

.\F.-X7 46 26 86 56 
0 0 I 1 1 
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2743 . * p 5:^ 3.dieil i^oupa) 

. F-. 391 801 171 251 248 393 086 
'*5 1112 0 4 

Fro<if: 001 : 2. 742 999 
7 : S 


: .5391 


( 10 ) 


F- 54 . 5 g-AF=|j^-.F= 402/591 


0 


31 (with three-digit gfowc«\ 

*’"77’'"!ooT'- “ ^ 

/, F-402/597 (evidently a recurring dcdmal) 
/iHF ^ .AF >028 (withthree-digitgroupsi 

F=- .001 933 204 453 036 etc. 

13 3 € 0 6 

r 127 , , ^ .000136 (with 6«dj2iiarouos) 

13000001 -n— 

.‘.F-.000010 r 538460:727810:713245 etc. 

6 :9 :0 .-4 


Other AsroiiNDisG Applccations 

Ye5» but what about still other numbers which are neiibtf 
imm^iatdy below nor Immediately above a ten-power besew * 
multiple of ten etc., as in the above cases but a Wt remoter 
fr^? Well, these too have been grandly catered for, in the 
of a simple application of the AnurUpya Sutra, whereby, after 
prc-fixing of each remainder to the quoilcnt-di^t in question * 
have to add to or subtract from the dividend at cveO 
many times the quotient-digit as the divisor, j.e. the 
IS below or above the normal which, in the case j;,cf 
xjI I ary fractions, is counted as ending, not in zero orao 
<^faro«bmin9cfa8erks ofnincsl 
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.^xawpJ^* f suppose tvc hav^ . 

. m ii« _i.- ^aVft to 


iKi^ , 

jWloiali- 
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Por^xam^"'* ••* ; -- m9 -«•« suppose tyc ha VP. . 

.;,^lg 3 rr»cuonm lU decimal shape ,o, My^e 


Lrt ,hc student should liavc, in the course of tKe« 

pstions into such very simple and easy method, of toKr’ 
„en (he tremendous difference between the currentmethodand 

% Vedic method and thereby deprived himsdf of the requiJ^ie 
^terUl for the purpose of comparison and contraa let us, for 
jbrief'vhile. picture the two method, to owKlves side by side 
flfld $« what the exact position is. 

According to the Vedic method, :he process wholly mental\$ 


as follows: 

F-ifi /. A-F, But 68 being oaeless than 69 the normal 
ending in 9 we shall have to add to each dividend, the qnoiiert- 
digit in question. Thus 


(i) when we divide 1.5 by 7, we get 2 and I 
as our first quotient^digit 
and our first remainder. 



(iO our second dividend will not be 12 but 
124-2 -14; and by divmon of that by 
7, our second Q and R arc 2 and 0. 

(ff/) our next dividend is 02+2-04; and 
this gives as 0 and 4 as Q and R. 

(it) our fourth dividend is 40+0, giving us 
5 and 5 as our fourth Q and R. 

(») So, our next dividend is 55+5-60; 
and our Q and R ate 8 and 4. 


.2 2 
1 0 

,220 
1 04 

.2205 
1 045 

J12058 

10454 


«« niftccs of decimals 
We can proceed on these lines to as •’w wherein 16 decimal* 

^swemayneed. And, inthe ^er dipt mentally 

places have been asked for, wc toss off d'g 





over against lli«* kt us remind ourselves of ihccu^,^ 

for ans^vcring this queslior: 

68 ) 1 5.0(^205882352941176 etc. ^ 

236 


240 

204 


360 

340 

Too 

136 

640 

612 

280 

272 

80 

68 

120 " 

68 

T23 

476 

440 

40$ 

Alongside of this cumbrous I6*step process^ Ut U5 
pul down ihc wMe w<^rk!ng by the Vcdic method And say* 

F(i})- .2 2 0 6 8 8 2 3 5 2 9 4 IJ7 6 4€tc. 

1 0454023161015324 


Auxiliary Fra<Uona 


A few more iUusirative examples arc given W..n^ 
(1) Express 101/138 in its decimal shape (20^ces) 

(/) Routine Method'. 

138)101.0(43 l884OS7?7j0l44927< 

966 


440 

414. 

260 

138 

1120 

1104 

1160 

1104 

560 

552 

800 

690 

1100 

966 

1340 

1242 

966 

138 

^50 

138 

552 

“3S) 

552 

1280 

1242 

380 

276 

T53o 

966 

“73o 

690 


. f rt 8 HTvn 

•• 32 12 10 4 0 8 10128 0 0 2 6 

f^ou: Mo:C‘th^-c>i\C‘d}sti quoncni it^ny, shouM il?^^ ^ 
over (as usual) to the left. « uc 

Coin-c»fioiwl fftcflod: 


679 


W 


4S5 


“S5 

740 

194 

679 

560 

610 

485 

582 

750 

2^0 

679 

194 

710 

860 

679 

776 

lio 

840 

291 

776 


PO yedic alsighi method 

am-. F,ij AF-i.f ^in *i,j, 2 below the iioni»l^ 

■<"'«/ Working' 

" ^"3 Vs^«V.^.^ ’’58 76288659'? ««■ 

‘5 6 5 1 1 9 3 7 5 4 1 864485? 
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(. 1 ) Esrrfss iVf •‘'5 a decimal (20 places). 
(/) Current tfsethod-^ 

I27)n^(. J3385S26771653543306 etc. 

?81 

“4^7 

381 

1090 

1016 


740 

635 


1050 

1016 


340 

2S4 


860 

762 


980 

889 

910 

889 

210 

127 

830 

762 

635 


450 

381 


690 

635 


550 

508 

420 

381 

"390 

381 

900 

882 

"Is 


{U) Veilic at^sight method^ 


V F.^-. -tJ'2 b=Iow.)«normnl 129) 

.•.D^bicthe Q-digUtobeadded ate^ WP 

.-.F-.! 3 3 8 5 8 2 6 WAWiVa 9 \2 

44 10 59188708536 


6 etc. 


iWic 

(4)l'>rrcs' ^*1 *lccmi:il To/in ( 2 l clc 




flees) 


{JiJ I l^yin(*^Vmi22}fS22/2HS 


etc. 


7J7.M> 

71976 

17740 

S997 


S7430 

21010 

S0973 

17994 

64570 

30160 

62979 

26991 

15910 

31690 

8997 

26991 

69130 

46990 

62979 

44985 

61510 

20050 

53982 

17994 

75280 

20560 

71976 

17994 

33040 

25660 

26991 

17994 

60490 

76660 

53982 

71976 

65080 

46840 

62979 

44985 

W) ahsigfu method: 

1855 

\ P* 5?^. 

(but with 2 Ih 

o997 9 

8999 ftnd also 


Whai a 
dous 

mess or *^5?^ 
PlieaUoni, JV] 


lote^ 


• A Aj . 3 dicitsnt ft time)* 

.-. F- mV-''? 7f '34'P'?'«cry «cp, 

■«>< _. !»71 768 ; 367. 233. 522; 285 ««• 

•* ; 1 : 1 :4 : I : 1 
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( 5 ) Express ilW as a decimal (16 pWa 
(i) Ccnvtm/otiol iwthod' ^ 

49997)2U63.0(.4372/8623/7l74/2304/ctc. 

186420 

149991 

364290 

349979 

143110 

99994 


431160 

399976 


311840 

299982 


118580 What a horrible 

99994 mess? 


185860 

149991 


358690 

349979 


87110 

49997 


371130 

349979 

21151 ^ 

199998 

99994 
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(it) Vedic method: 

„ 21863 , ZI863 

-^ 7 " -5 — 

(wilh 2 below the normal 49999 aod 
four di^'is each). 


with 


6«3h, 


• Add double the Q-digit at every step) ^ 

62 71 4 ^ 

A F = 4372 : 85(12)3 : 6(11) TS: (m 

N.B.: Very carefully that the extra or surplus le.bft 
side parts of Q-^gits have been “earned over” to the icf^*^ 
This excess is due to the additional multjplicatioaa^kl 
got over in the manner just indicated. A method for aroid^^ 
difficulty aitogelhcr is also available but will be dealt wiA ^ 
later sUge. ^ ^ 

(6) Express H ^ ^ decimal (eight places) 

(0 Current method: 

7QI7.0(.2336842] etc. 

152 


iV.A:Noie84 .*21 ;:4 :l, 


Even this is bad enough. 


4 


27i 


Auxifhry 


(ti) ot-sight method: 

V F il AF'. V* (but wiih 3 less th>^ , 1 . 
Thrice the Q-difiit is to be added at cverv 
. I.S..2 2 3 6 S 42 I etc. 

'• 12440000 


(7) Express {JJ!f as t decimal (12places) 
(/) Usuoi method: 

59908)17125.0(.28S4/2618/0872 

119996 


512540 

479984 


325560 

299990 


255700 

239992 


157080 

119996 


370840 

359988 


108520 

59998 


485220 

479984 

523600 

479984 


436160 

419936 



nornai 79) 


41744 
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ar. yedic al-sighi method: 

‘ ^ 17125 , . p_ LZH (with 1 less the , 

^ “ 59998 ■ ■ ^ and with 4-di6it 

•. only one Q-digit is to be added. 


. F=:2854;2«18:0872eic. 
•• 1 :0 :4 


These examples should suffice to bring vividly home to ti, 
student the extent and magnitude of the difference belweentH 
current cumbrous methods and the Vedic at-sight one-linepm. 
cess in question. 

Yes, but what about other numbers, in general, which are up. 
where near any power Of multiple of ten or a “normal” deno* 
mioator-divisor ending in 9 or a series of nines? Rave they been 
provided for, too? 

Yes, they have. There arc methods whereby, as expUined la 
an earlier chapter the one dealing with recurring dedmaU we can 
easily transform any miscellaneous or non>descript denominator 
in question—by simple multiplication etc.—to the requisite 
standard form which will bring them within the jurisdiction of 
theauxiDary fractions hereinabove explained. 

In fact, the very discovery of these auxiliaries and of their 
wonderAil utility in the transmogrification of frightful looking 
denominators of vulgar fractions into such simple and easy deiw* 
rainator-divisors must suffice to prepare the scientifically-tniiided 
seeter after knowledge, for the marvellous devices still furtl*' 
on in the offing. 

ft to this subject again and expound it stij* 

chapters dealing with divi*- 

Wily and the application of the EkSdhika />i?metc., aspoaU’' 
and negattveosculators in that context. 



^bnty-nine_ 

pivisibility and Simple 
Osculators 



we no'v lake up the interesting and intriguing aue^tinn . .. 

one Mn determine before-hand whether f cena^ eiwn ^ 
However long it may be is divisible by a cermi^S: td^ 
especially as to the Vedic processes which can help us herein 
The current system deals with this sub>ct but only in an uh„ 
superficial way and only in reUtion to what may be termed the 
most elementary elements thereof. We need not now enter into 
details of thew including divisibility by 2, 5,10, 3, 6, 9,18, U, 22 
and so on, as they are well-known even to the mathemadcs- 
pi^ibata very early stage of their mathematical study. We 
shall take these for granted and si art with (he intermediate parts 
and then go on to the advanced portions of the subject. 

The Osculators 
As \ve have to utilise the 

throughout this subject of divisibility, we shall begin with a 
simple definition thereof and the method of their applicadon. 

Owing to the fact that our familiar old friend the 
thelifstofthescosculators. i.e. the positive oscul^or, | ® 

«>ecomes all the simpler and easier. Over and 
number of purposes which the FkSdhika has alrw y 
fulfil, it has the further merit of helping us to 

'"me she divisibility or other wise of a certain gi 

“«riain given divisor. . ramiliar old 

Us. for instance, start with our sinii ..Qyjnea-pig*' 
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is a clinching usi for diyiiibilily; process by ^ 

scr\'cs this purpose is iccbnically called Vegfana or •‘Oti.t. 


Suppose we do Doi know and have (o determine wheih^ iT' 

divisible by 7. We multiply the last digit, i.e. 1 by the f^iV* 

(or Positive Osculator, i^. 5)ond add the product, j<. 5 
previous digit, i.e. 2 and thus get 7. This process istcehn^^ 
called '•Osculaitott"- And, if the resaU of the osculation 
divisor itself or a repetition of a previous result), we say that S! 
given original dividend 21 is divisible by 7. 

A trial chart (for 7) will read as follows: ^ 


14; 4X5+{-21; and 1x5+2 =7 /.Ves, 

21 (already dealt with); 

28;« X 5 +2 = 42; 2 X 5+4 ^ 14 (already dealt with) 
35;5x5+3-28(a] ready dealt with); 

42 (already dealt with); 

49; 9 X 5+4-49. (JUpcn'rwn means dhhibi/ity). 
56; 6x5+5-35 (already dealt with); 

63; 3x5+6—21 (already dealt with); 

70; Ox 5+7-7/. Yes 

77; 7 X 5+7 = 42 (already done); 

84; 4 X 5+8 -28 (already over); 

91; 1X 5+9 -14 (already dealt with); 

98; 8x5+9 —49 (already done); 

Now lei us try and test, say, U2. 

U2;2x5+l-U;nx5+l-56.-. Yes. 
or2x5+11 -21 Yes. 


We next try and lest for U; and we find the repetitions more 

promm«t .here, Th«£A:WA,fc, is 4 . Therefore we go on tnuili- 

plying leftward by 4. Thus, 


12; 3x4 , 

26; 6x4+2-26 
39;9 x 4+3-39 
52;2x4 + 5- 13 
5x4+6 26 
7«; 8x4+7.39 
51; 1x4+9-13 
l(H;4x4+|0»2b 


The repetition etc., is uDjfor*nly 
there and in correct sequence 
* c 13.26.39! Yes. 
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and 


EXAMPLFS OF TIIE OsCULATION P*oc 
^ few etaniplcs will elucidate the pro 

(1) 7 continually osculated by SgivcT 3^^ 

^ 2l 

(2) 5 so osculated by 7 give, 35,3, 

<”>• 62.20, 2,nd» 

{3)9(by7)eives63, 27, 51,12, IScw 

(4) 8(by 16) gives 128,'140, 14 4(5, 

(5) l5(byI4)gives71, 21, 16etc. 

(6) 18(byl2)gives97, 93, 45.64 54 53 21 ,< 

(7) 36 (by 9) gives 57, 68. 78. 79,88, 80 8 et 

(8) 46 (by 3) gives 22, 8 etc. 

(9) 49 (by 16) gives 148, 142,46. lOo, 10 1 etc 

(10) 237 (by 8) gives 79, 79 etc, end isdivisible by 79, 

(I I) 719 (by 9) gives 152, .13. 30,Uic. 

(12) 4321 (by 7) gives 439, 106.25,19, 64.34.31.10.1 ele. 

(13) 7524<by 5) gives 784. UO. 11. 9 etc. 

(14) 10I6I(by5)gives 1021,107.45,29.47,39.48.44, 24, 22 , 

12, Us 6 etc. 

(15} 35712 (by 4) gives 3579. 393.51.9 etc. 

(16) 50720 (by 12) gives 5072, 531. 65. 66, 78. 103. 46, etc. 


MJ.: We need not carry on this process indefijiitely. We can 
stop as soon as we reach a comparatively small number which 
lives us the necessary clue as to vrhether the ^ven number ii 

<JmsiWc Of not by the divisor whose we have used aj 

our oscuJaiorl Hence the importance of the EkadJuka. 


Rule for Ekadhikas 

)For9, 19.29.39 etc., (all endingin 9), the Ekadfi'koiatc 
1)For’3, U.'23, 33etc. (ull 

and you get 1.4. 7. lOetc-.ast , ^^Hiplythcmby 7; 

1) For 7. 17.27. 37 etc.. (flU ei'd'"? 
and you obtain 5, 12- t9. 26. etc-as the 
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(4) For 1,11.21,31,ctc..(allcnili.igin 1), muIUdv 

9; and you pci 1.10, 19,28 etc., as the h 

Osculation by own Ekadhika 
JVo/e that the osculation of any number by its own 

will as in thccascof 7 and 13go on gMngtbai very auniK?^ 

a multiple thereof* Thus. 


(I) 23 osculated by 7 (its Ekddhika) gives 7x3+2«23 • 
46 (osculated by 7) yves 7x6+4 -.46; 

69 (similarly) gives 7x9+6 = 69; 

92 (likewise) gives 2x7+9 -23; 

115 (similarly) gives 7 X 5+11» 46, and so on. 


Now, 276 oscubced by 7 by way of testing for divisibility by 
23 ^ves 7 X 6+2? •• 69 which again gives 69! /. Yes. Tlius, aff 
the multiples of 23 fullil Ihistest.i.e. of osculation by its £3^ 
dhika 7. And this is the whole secret of the Vef^aia sub-5u/». 


Modus Operandi of Osculation 

Whenever a question of djidsibility comes up, we cao adopt 
the following procedure. Suppose, we wish to know—without 
actual di^sion—whether 2774 is divisible by 19 or not* We put 
down the digits in order as shown below. And we know that tbe 
Bk&ikika osculator is 2. 


(/) We multiply the last digit 4 by 2, add the product 8 to the 
previous digit 7 and put the total 15 2 7 7 4 

down under the second right-hand di^t. 


iff} We multiple that 15 by 2, add that 
row. cast out the nineteens from 
that 37 and put down the re¬ 
mainder IS underneath that 7. 


30 to the7ontheup|W‘ 
2 7 7 4 
3715 

(it) 


N-B. This easting out of Jhe ninetcens may be more ewity a"* 
seedily achieved by first osculating the 15 itselfgetting H-* 

and putlingthc tg down thereunder. <« 
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DiTisibilily and Sin^h O^ulator, 

\Ve then osculate tliat 18 with the 2 to ihc kft « .l 
, 0'vanagci38;orwc may oscuUte the ig 

the 2 and get 19 as the final o«u, f 
latcd result And, as 19 is divisible by 

wc say the given number 2774 is also divisible the«by 
iis is the whole process; and our chart says: 


This 


Byl9? \ ^ ^ n .‘.Vcs. 

/. TTieosculatons2 I 19 18 15 J 


Or secondly, we may arrive at the same result as cffeciivdy but 
less spectacularly by means of a continuous scries of osculations 
of the given number 2774 by tlie osculator2 as hereinbefore cx- 
plained. And we can say: 

V 2774 osculated by the osculator2 gives u$ 285, 38 and 


19. 

2774 is divisible by 19. 


The latter method is the shorter but more mechauicaJ 
ud cumbrous of the two; and the former procedure locks neater 
and more pictorially graphic, nay. spectacular. And one can 
follow one’s own choice as to which procedure should be 


prererred. 

Nou: Whenever, at any stage, a bigger number than the divisor 
comes up. the same oscuUtion^pcraUon can always be per¬ 
formed. 

Some more specimen examples are given bebw. 


(!) By 29? /. The osculator ^ ^ 31 27 ^ | ‘ ^ 

Or E osculated by 3 gives 3307, 351,38, 27, etc .. ^ 

P) By 29? .-.The osculator is 3 - 26 27 28 V ' 

OC7 [ 16 and 29 

Or The osculation-rcsulls are 9338./, 

4 3 4 5 2 \ 

(3) By 29? The oscuUtor >* 3. J ^ 5 t 

, 243455 , 24360 , 2430 .^ . 


The osculation-result8 arc 



rf)fly39?.-. ThcoscuI.iir>ris4. f 4 9 j 

{ 39 38 17 

Or The oscuUlion-rcsulls are 507, 78 and 39 . 

Vts 

{ 5 )By 49 ?.-. TlicosculatorisS.f 5^ 3^ 3 

1(W 

Or The osculalion-rcsultsare 543, 69, 51 and lo • u 

(6) By 59?/. The oscillator IS 6. (I 9 \ 5 7 3),^ 

|59 49 46 37 25 f ' ^ 
Or The osculation-rcsuits are 19175, 1947,236 and 59 

•• Yei 

(7) By 59?/. Thcosculatoris5. J 1 2 5 6 71 ‘v 

i 59 49 57 48 j “ 

Or The osculation-rosulesare 1298,177 and 59 /. Y«| 

(8) By59 ?,*, The osculateris6. f4 0 1 7 9 i) *^0 

|47 17 52 38 15 j " 

Or The osculation-results are 40185. 4048.452 and 57 /. No 

(9) By 79?/, The oscillator IS 8. f 6 3 0 9 4 8 2 1 ) 

1 13 70 38 64 76 9 10 J 


OrThe osculation-results are 6309490, 630949, 63166,' 

6364,668,130 and 13 No. 

(10) By.437 The osculaiot is 13. n 4 0 6 n.-.Ys 

- , 1129 119 118 19 j 

osculation-results are 1419, 258 and 129 Yes 

(H)By53?.*. Theosculaiorisie. a l 9 5 37 .-. Na 

OrTh, , 39 62 53 J 

osculation-resulis are 2243, 272 and 59 No. 

(12) By 1709 . TL 

•• Theosculatoris 18. r? 1 4 5 5 0 i| 

|l79 109 6 20 150 18 

‘3'-The osculation-rcsnlis are 714568. 71600, 7160, 7l6 

179 


nnu OAt’uht 


.^ermine whdKuf 52«24Wm H Oiv^Wc hy [y,. 

(A) l39)529324009r4J808%M 


im 

1112 


1124 

1112 


1200 

1112 


0 .% Yes. 

(B) By the yedic methai: 

By 139? /. Thr> (oscuUtor) is 14. 

J 5 2 9 3 2 4 0 0 9 67 Yes 

1139 89 36 131 29 131 19 51 93 J 
Or The osculation-results are 529324093.52932451 
5293259, 529451. 52959. 5421. 556 and 139 /. Yes 
Note-. In all the above cases, the divisor either actually ended 
jn9 or could—by suitable multipUcaiion—be made to yicW a 
product ending in 9 for the determination of the ’ 

a(faorOscuitDrir,e.ch ca«. Bm wha, 
anding in 3.7 and I whose Ekidhica may gcaemliy be 
.ab.^big^crnomber7h there a 
numbers being dealt with vdthoul involving SB 

rauhipUers? .. 

Yes. there is. and wc proceed to deal with this. 

TheNeoatjvbOscol*™'^^^^ 
is an application of the Parayartyo Sutra j ths 

osculator bccauso it is a . IcIHward* And t i 
of the EkBdkika but of 
dually mejinj Q consequent »ltcrnaiion 
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(J) M> thus o>.culjiU’d by 9. givc^ 3^ 54 _ 5 | 

( 2 ) 7t>scul.iicd by 5plvcsO-35 -35 

(3) 35713 os 4 .‘nI«red by 4 will yield 8 - 3571« ^ 35 ^^ 

How 10 DnniMiNi: rifb Neoatcve OscutAioA 

Jii>i nstlic n 7 ft//i/X:< 7 ihc positive Vesiana has been d 
cd and can be correctly asccrlamed, similarly the rwgar ^ ^ 
hlor will also require to be determined by means of ^ 
definition and lias been so defined with a .* 
rocogmlion. Pop,; 

It consists of two clauses: 

(0 In ilic ease of all divisors ending in I. simply drop ihto,- 
and 

(tV) In the other cases, multiply so as to get I as the last ditit 
of the product, U. 3 by 7,7 by 3 and 9 by 9; and thenapiy 
the previous sub-clause, i c- drop the 1 . 

A^o/e: For racitiiy of symbolitation, the positive and ilw ««. 
live osculaeors will be represented by P and Q respectively. 


Examples of Negative Osojlators 

(1) For n, 21, 31, 41, 51 and other numbers ending In J, Qh 

3,4, 5 and so on. Note that, by efus second type of 
oscuJatofs, we avoid the big Ekadhikas produced by mute- 
plying these numbers by 9. 

(2) For 7, 17,27.37,47, 57 etc,, we have to multiply them by 3 
m order to get products ending in 1. And they will be 2,5, 
8. II, 14,17 and soon. In these eases too, this process is 
generally calculated to yield smaUer multipliers than 
multiplicaiton by 7 is likely to do. 

( ) For 3,13,23, 33 , 43,53 etc., we have to multiply them by 
^and ihE resullamncgaliveosnjlatonwillbe2,9,16.2i 
».37clc., which willg«,waff,! be found to be bigger nom- 
bers than the Ekadhikas. 

( ) For 9,19,29,39,49, 59 etc., we have to multiply these 
^d the resultant negativeescuUtors will be 8. 

53 etc., all of which wiU be much bigger than ibc»^ 

ponding 
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ana Sunflc OscaJat„r, 

IMWRTANT AND IntDI^INO FtAnmp 

. A very interesting and iniporiant , 

^ ^ whatever 

Sup to ‘'i''*"’’' And this means that.Tfernear.V*“^ 
tno'vn. the W'" known being,hc»»',""" 

from ihe divisor, i-e. the denominator “'"P''’"«t 



Specimen Schedule of Oscuutow P 
Multiple for P Multiple for Q p 
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jV.i9. rtwill be noicJ:— 

(j)ihai P-rQ always equals D; 

(/7) multiples of 2 and 5 are inadmissible for thepurpo 
selicdulc; 

(Hi) and lli«e will have to be dealt with by dividing 
powersof 2and 5 which arc faclors of the 
cemed. ^ 


n 


A FF.W $AMPL£ ExAMPL&S 


(1) ror59,Ptsd ;.Q- 53 

(2) for 47, Q is 14,*, P- 33 

(3) ror53,P jsld/.Q- 37 

(4) ror7I.Qjs7 /.P- 64 

(5) for89.Pis9 /.Q- 80 

(6) for 83. Pis25.*.Q= 58 
(T)for9l. Pis82.*.Q= 9 
C8)rof93.Qis65.*.P= 28 
(9) for97, Pis68,*.Q- 29 

00)ror99,Qi8 89AP- 10 

(11) for 101. P is 91 A Q-10 

(12) fof J03.Qis72.-.P-31 
n3)fof 107, Pis 75/.Q-32 
(14) for 131, Q is 13.-.P-I18 
05) for 151, Pis 13dAQ-i5 
(16) for 201. Q is 20 /.P-181 


' P+Q-D throughoiit 


^ote: (I) If the last digit of a divisor be 3, its P<ics Q; 

(2> If the last digit be 7. it*Q<ie8 P; and 
(3) in the actual working out of the subtractions of the osw- 
latcd multiples for the negative osculators, the actual result wiB 
be an alternation ofpAtf and minus. 

Explanation'. (I) In the removal of brackets, a series of subtne- 
lions actually materialises in an alternation of+and-. 
example. 

a*[b-{c-(d^r^}l 

«a-b+c-d4e-f. 

Exactly similar is the case here* ^ 

(2) When we dmde a" +bn by (a+b), the quotient 

a series of terms which arc ahcrnaiely plus and niiow** 

the same tsthe case here. 

Adorer The student willliave to carefully rememher w 
naiion of positives and negatives. But the better ihlng 


2S3 


j)ivisibihty ami Shnph Osculutors 
ones memory at each step but to ,. , 

•fa “all *vca-place d.giU. *o that ilu-re may 

possible plavinr ,^r.-.:. ?" 


live 


thcpossiblcplaymrrrr/"'i'' 

jnemc^fy- 

wi'h '•'** safeguard. Id us oow tackle a few iUustrati 
an«* see how ilic plan works out in actual practice. 

4 j -» The Negative Osculator is 4 
^ I t 6S 7 B 31 

i-41^10 ? 31 6 |a Yes 

osculation-results are 16364, 1640.164 and 0 Yes 

/2i0y31t.\ Q-3 (B 6 0 31 

' \0 33 9 j A Yes 

Or 

The osculation-resuUsaredSI, 62 andO Yes. 
(3)By4I?;, Q-4 M T 2 * 

\ 0 10 13 
Or 

T^e osculation-results arc 1107. S2 andO /. Yes 
(^By47?.\ Q = 14 j 7 4 2 1 6 5 1 

I 11 102 7 51 64 No 

The osculation-results arc 74146, 7330, 733 and 31 . 
(3)By51?.*. Q-5 


3 4 
13 ) 


Yes 


No 


i 3 ? 
-5 10 32 


3 i n 

18 3 / A 


No 


Or 


The osculation-results arc 43727.4337.398 & I /. No 
(9By617.-. Q-6 It 5 5 5 1] 

Or [ 0-51-7-2 I Yes 

The osculation-rcsulw are 1952,183 and 0 Yes 

fflByfi??.-. Q.20 |I 0 f ’ 1 2 . Y« 

[o-lO 101 6-81-4 «0 j .. Y« 

The osctilation-rcsults are 1017060.101706.10050, 1005 and 


8 3 


(8jBy9I?... Q = 9 ( 9 S 0 J 5 0 «J j no 

84 69 49 56 37 44 16 M l-. 

The oscuiation-rerultB arc ®^J*J®;4,S?an4’21 .-.No 
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(^)By6I?/, Q-6/I 2 2 1 5 0 54) 

Or jo 10 5 0 10 53 19 J 

The oscuJation-results are 1221281» 122122, I22nfi 

(10)By71?.-. Q = 7 (g 0 S 0 2 5l 

Or jo 62 19 4 31 / Yes 

The osculation-results are 80869, 8023, 781 and 71 • v 
(n)Byl31?.-.Q = 13/l 5 3 7 9 0 3 i ‘ 

Or jo 10 1 20 123 39 } Yes 

The osculation-results are 133751,13362,1310 and 131 • v,, 
(12)ByI417Q-M ( 4 I 9 g 8 S 7) 

(94 87 37 2 41 93 / No 

But this dividend yieldingthesame results is divisible bv 
47 whose Q is also 14. (94=47 X 2) 



- _ 

pjvisibility and Complex 
j^ultiplex Osculators 


Tie cases so far dealt with are ofa simple type. invoMna oolv 
small divisors and consequenUy small osculators. Whw ttei 
about those wherein bigger numbers being the divisors, the owu- 
latort are bound to be correspondingly larger? 

The student-inquirer’s requirements in this directioa form the 
subject-matter of this chapter* It meets the needs in question by 
formulating a scheme of groups of digits which can be osculated, 
not as individnal digits but in a lump, so to say* 


Examples of Multiplex VEyrANA, i.e. Oscolattw 

(1) 371 osculated by 4 for 2 digits at a lime, gives 3+71^4 
(-287) and 3 - 284 (--281) for plus oscillation and minus 
oscillation respectively. 

(2) 1572 osculated by 8 for 2 digits gives 15-^576 (-591) and 
15-576 (=- - 561) respectively. 

(3) 8132 osculated by8 (P and Q) for 2 digits gives 81+256 
(-337) and8l-2S6(.--17S)respeciively. „ , 

(4) 75621 osculated by 5 (P and Q) for 3 digits gives 75+3105 
(-3180) and 75 - 3105 (--3030) respectively. 

(5) 61845 oscuUted by 7 (P and Q) 

61 +5915.( - 5976) and 61 - 5915 (- - gives 

{6)615740osciiiatedby 8(Pand Q) refpec- 

615+5920 (. 6535) and 615 - 5920 ( = 

e. .. kasnHIcs gives Ot 

(7) 518 osculated by 8 (P and Q) ‘ Jectively- 

4144(.«4144) and0-4144( - jv;. woups yi''**' ®' 
(») 73 osculated by 8 (P and Q) for 

584 ( 584)andO-584(--584)r«P«ti«'7 
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(9) 210074 oscufotcd by $ (P and 01 ^ 

2^ 80592( -80594)nnd2-80592fl b„„, 

(10) 73JI oscuinted by 2 (P) Tor 3 digij 
(I I) 90145 oscuhicd by 5(Q)for 3 gives® 

(I2)5014JI2 oscutiled by 7 (Q) ^ 4 


•G35 
»l^ 


(13) 7008942oseulatcdby3(P)ror2giv« nsa-w^ 

(14) 7348515 osculated by 8 (P) for 3 gives 

(15) 59075242 osculated by 7 ((}) for 2 

-590762+25^ 

CaTICORIES of DtVJSORS AND TTlEIR OSCULATORS 


InthlscoMexf, It should be noted that, as there are 
types of divisors, there are consequent differences as re'T 
nature and type of osculators positive and/of negative which It 
su it the m. They are ge nerally of two categories: ^ 

(/) those which end in nine or a series of nines in which «» 
they come within the jurisdiction of the Ekdiiluka, U. il* 
Positive Osculator or, which terminate in or contain series cJ 
zeroes ending in I, in which case they come within the scope 
of operations performable with the ^d of the V^rUo, it. 
the negative osculnior; and 

(if) those which, by suitabJe multiplication, yield ^ multiple of 
either of the two sorts described in sub-section (I) and cat 
llius be tackled on lliat basis. 


The FiRsT Type 

We shall deal, first, wth the first type of divisors, nan 

tho« ending In 9 or a scries of nines or I or a scries of 2 < 

cn *^g »n^nity and explain a technical terminology and syi 

logy which will facilitate our operations in this context. 

V) Ul the divisor be 499. It is obvious that its osculator F 
ana ■> ^ 


. ^ » oDvious that Its oscujai 

oan be easily express 

is 14 obvious liiat our osculator pc 

_ '* •‘♦and covp»^« 


ifCSSCl 


is 14 ODVIOUS 111 

(3)Asro'f ISClT h*'-®'"-' 

2 dleiu Obviously comes into play, is 15 and C 
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J 3 i.-isihm,y m,d Con,pie;: 

,4) rof 29». f ‘s ^‘‘"d covers 3 dii-iis . p " ' 

5For5W)l.Qs-5 ••>‘.■3 

Lj^or^OOl. Qi 

„Vor79999.P,-8 

For 119999. P.-12 

UfotSOOOOI.Qs-S 
/lO) 900001, Qd **9 
/] n For 799999, P5-8 
U For 120000001, Q;- 12 


Correctness of the Symuology 

The osculation-process invariably gjve$ us the original number 
iiseirof a multiple thereof or zero: For example, 

(/) 499(wilh P, = 5) gives us 4+5 (99)-4-1495 -499 
ifi) 1399 (with Pj-14) gives 13+14 (99)-13+13S6 = 1399 
1501 (withQs-15) gives 15x1-15-0 

(ir) 2999 (with P, - 3) gives 2+3 (999) - 2+2997 - 2999 
(r) 5001 (wiihQj —5) gives 5 x 1 —5=0 
(w) 7001 (with<i’.7) gives 7xl«7-0 
(r/0 79999 (with = S) gives 7-} 8 (9999)-79999 
(rrVO 119999 (with P4 -12) gives 11 + 12 (9999) -119999 
(ix) 800001 (Willi Qs - 8) gives 8 XI - 8 -0 
(X) 900001 (with Qj••9)gives 9x1-9-0 
{xi) 799999 (witli Pj 8) gives 7-i- 8 (99999) - 799999 

{xii) 120000001 (with Q,-12) gives 12x1-12-0 
iV.5.:The oscuIation-ruIe is strictly adhered to; and the P’s 

and the Q’s invariably yield the original dividend iiself and zero 
respectively! 


Utjlity ako Significance of the SYMBotoGY 

The symbology has Its deep signifiance and 

Wilily in our deiermining of the ® jjjvjwrhow- 

^lain given nu mber h0wcvcr bjg by a ccrtai 8 ^ . 

l^rge, inasmuch as it throws light on(l)lhe 
‘°>>C taken in eacit group and (2) the actual o«ubtor 
ifidividua) case before us. 

A re»,„,p,e example, of each 
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Here, at sifihl. Pj-5. This means that we have 
given expression into 2-digltgroups and oscuUtc by ^ 

/ 10 65 56 87 42 €9 \ 

( 499 497 186 525 387 J 

(69x 5 -345; 345+42-387; 435+3+8? ..525. , 

+ 55-186; 5 x 85+65+1 -497; 5x97+4+10 =,i99|j^Hs 
Or 

The oMulalion*resuUj are J055569087. 10566??^ ia^ 
1497 and 499 /. Yes i0«786, 

(2) Is 125143522932 divisible by 401 ? 

HereQj-d 

/./ 13 51 43 52 39 32 I 
(-15 400 185 458 99 //.No 

Or 

Theosculation-fesulisare J251435I0I, 12514357 n«n< 
1199 and-385. /. No ‘ ^ 

(3) Is 59492392 divrsibJe by 199? 

Here P*-2 

/. / 69 49 23 92 I 
( 199 65 207 /. Yes 

Or ’ 


The osculation-results give 695107. 5965 and 199 

/. Ves 

(4) I5 1928264569 divisible by 5999? 

Here Pa-5 

•‘•I * 928 254 559 I 

1 5999 4999 3578 . v. 

Or ' - 

The osculMion-resulis are 1931578 and 5999 Yes 

'’y w 


( 2t ggg 068 315 597 i 
I “ -3 6127 3866 } . 


Yes 


oscuU,io„.«s„i„ 


21003 


«nd0. 8*ve 21 886 064 134. 


218851 :^ 



OMilblUty Co„,pU.^ 

Is 30102 1 300602 divisible by 9{.s 
' HcrcP* I 

A$P» and cominuouimuliiniv. . 
no JifTcrcnw io the mulUpUcand thl ^ 

suffice for our purpose; groups will 

V J0 + I0+2l+30+05-f2-99 • v 

The second method amounts to the same .h- . 

not be put down. ^'“^g need 


(7)18 2130 M02 1143^4112 divisible by 9997 
Here P,-1 ' ^ 

and V 2+l30+I|0+2n-y.434+n2^999 
.% (by both methods) Yea. 

(S) U 7031 37S7 g58 divisible by 9999? 

Here P«-l 

attd V =7634-1378+7858-9999 
.*. (By both methods). Yes. 

(9) Is 2037760003210041 divisible by 9999’ 

Hero P| -1 

sad V 2037+7600+0321 +0041 - W9 
(By both methods) Yes. 

(10) Is 5246 7664 0016 201452 divisible by 1001? 

HereQj = I; and 

VS-525+676+845+016+201+452-221-13x17 
Divisible by 13 

But 1001 -TkII X13 Divisible by 13 but not by 7 or by 
n.No 


The Second Category 

The second type is one wherein the given number is of neither 
of the standard types to which P and Q readily and instantane¬ 
ously apply but requires a mulliplicalion for ihc transformation 

ofthegiven number to either or both of the standard forms and 

for ascenainlng P and Q or both suitable for our purpose m i 
Panicular case before us. 


The Process of Transforvation 

an earlier chapter on -Recurring Decimals 

ho>\'io convert a given decimal fraction ?nio Ms S® 
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13 

•2307« 

0.76923 



shape, by so multiplying it as to bring a series of • 

product. For mmple, in the case of. i428St ^ 'n 

Uby7 and got .099990 (-1) as the produ« 

argued that, because 7Xthe given decimals j, . 

should be ilic vulgar fraction \ • hai dccijujj 

(I) .142851x7 

- .099990 - ] 

/.x-i 

Similarly, with regard to .076923, we hid multiplied it b v 
order to get 9 as the last digit of the product; argued *** 
ordeno get 9 as the penultimate digit, wtf (2) .Ci ?5924 

should add 3 to the already existing 6 
there and that this 3 could be had only by 
multiplying the original given decimal by 
1; then found that the product was now a 
series of nines; and then wc had argued 
that. 13x - 1 . X must be equal to i^. 

And wc Iiad alw given several more illus* 
t rations of the sam A kind for demonstrating the umeprinci^c 
and process. 

As P in the present context requires, for osculation, npmbws 
ending in 9 or a series of nines, we have to adopt a similar pro¬ 
cedure for the same purpose; and. in the case of Q too, we have 
to apply a similar method for producing a number which will 
tcrni;nate in 1 or a series of zeroes ending ini. 

iHf Moiws Operandi 

A few examples of both the kinds will elucidate the process 

and help the uudem to pick up his P and Q. And once this h 

me r«t will automatically follow as explained above 

fo is 857. V 857 x 7 - 5999, we can 

^or^ at once say: 

of proof of the correctness hereof is that any i 

'•on- ic „„ necessarily fulfil this < 

t«tcrco. " bv P,. must yield 857 or am. 

IU41. AsP. « .• 

<me. this proves that our osvul.ior is the 
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2>1 


9 

■'>, 


[,cl>»"<’"’”‘“-‘^-'-'-’^=<7-Jo, . 

^:Lc 43>J3 (-l29)rorthc,«,. ’;; *?»- 3- 

multipleor 43 Wn 8 29.3-, 

^^sisnificanoe ofthis fact eorsias in the nater,, 

W-wmely. that any number which Is feaiiv w 

ijirisor in question must conform to this rule of fte 

ifte P pro«5s or the Q process. <^’''KiWity by 

,\’.S.: Remember « hat has already been exolain,. 

arO bnuS -=«*'"• *' 

lBihisve(yca5eof43. instead of multiplying it bv 7 

u the oiciitof 

,e could also have mult.phedthedj by 3, got 129 as the prod!^ 
foimdPi=13tobethepositiveoscuUtor and venfied it Tius. 
in the case of 43 X 2 - 86, .*. 8 -i-6[l 3) - 86 .•. P, -13 is the correct 
posiijve oscuUtor. 

Maltiplicatioa by 13 at every step being necessarily more 
cumbrous than by 3, we shoald naturally prefer Q* «3 to Pg •• 13. 

In fact, it rests with the student jo choose between P and Q 
audio view of the bigness or other^vise of mulitplier-osculato; 
etc. decide which to prefer. 

(3) Ascertain the P and the Q for 137. 


137 

27 

959 

274 

3699 


Po-37 


137 

73 

411 

959 

10001 


Q 3 -I 4 


ObviousiyQr-lisprererable(to^-W . 
(Test; 137x8 = 1296 V Q.gives 960-1 - 959 .. 

(^JDclermine the P and the Q for 
V 157x7 = 1099 Pj-'li 
And 157x93 = 14601 A 

.•.P..Ui5tobeprefcfred. ,o8y.-|0991 

(Test: 157 x 7 ' 1099 PjS'^s’®- 
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(5) Find out tlic P and Q for 229 

V 229x01 ’29999 ,*.P*=3 

TO* Oscub 10r being so simple. Hw q 
iricdatall* Buion principle. V 229xd9».lsso) ^ 

08 ob^ously a big multiplier 
Test for P*-® 3 

229 X100 - 22900 P* >• 3 gives 8702 - 229 x 38 

(6) Find P and Q for 283 

V 283x53-14999/. P^-O 

and V 283 x47- 13301 /. Q,.-I33 

/. r,-15 is preferable 

Test 283x 4-‘1132;! +15 (132)-1981-283 x7 

(7) Fmd P and Q for 359 

V 359x61-21899 /. P*-2I9 
and V 359x339-14001 /. Qj-U 
Obviously Q, -14 is to be preferred. 

Te«: <0319x3-1077/. Qs-M gives 14x77-1-lOn 

and (r'O 359xJI3»4I285 /. Q,-14 gives 14 x 283 - 41 

-3949-359x11 

(8) Ascertain P and Q for 421 

V 42lxl9"7999 /, P.^-S 

and V 421 X8l -34101 Q,-«34i 

obviously P, = 8 is the better one 
Test: 421x5-2105 /. P,-8 gives 2+840-842 
^ -421x2 

(9) Dctermi ne P and Q for 409 

V 409 X 511 -208999 /. P, -209 
and V 409x489 -200001 /. Qj-2 
Obviously the Q osculaior is prcferable- 

Test: 409x1000 - 409000 

Q»-2 gives 18000 - 4 -17996 - 409 X 44 

“*''***^ multiplex osculatof technique toA 

“P actualwaoples of 

I^occdurc^ ^ tackled by the multiplex osculaiotj 

(1) U 70 CONCilCTC ExampUS 



j)iasibiflty iirul Complex Multiplex Otcu! 

. ,791 5843 52671 

"15725 21644 ) 

put 5725' 229 x25 a Yw 
/»»Is 6056200566 divisible by 283? 
-283X53' 14999 A Pa« 15 
.'I 6 036 200 566 1 

I 6226 104M 8690 } 

Pul 6226 =»283 X22 A Yes 

mlj 7392 60261 divisible by 347? 

- 347x 317-109999 AP 4 -.ll 
A/ 7 3926 6251 \ 

[ 73654 0627 j 
But 73654- 347 x212 A Yes 

(4) Is 867 311 7259 divisible by 359? 

V 359X39 = 14001 A <i-14 

A I g 673 117 259 \ 

( 3590 257 278 ) /. Yes 

<5) Is 885648437 divisible by 367? 

V 367x3-1101 A Qi = n 

A / 8 H5 €4 g? 37 J 

( 734 66 314 323 j 

But 734-367x2 A Yes 


(6) Is 490 222 8096 divisible by 433? 

V 433X3-1299 A P|-13 
... ,49 02 22 80 96j 

1 1257 1292 399 1328 


(7) Is 51 888 888 37 divisible by 467? 

- V 467X3-1401 

, 51 88 88 88 37 V« 

I -467 -37 504 430 / 

^■B .: The alwrnativc method of to* 

is also, of course, available but w.ll prove gc 

and lidy and will also be more tedious- 
W Is 789405 35994 divisible by 647? 
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. f 78 940 535 994 \ 

*1 J294 6110 li469 j 

But 1294 = 647 x 2 /. Yes 
($) Is 2093 1726 7051 0192 divisible by 991? 
•• 991 x 111-110001 /. Q 4 -n. 

2053 1726 7(ST 01921 

* I -30721 -52603 - 4939 / 

Bm 30721-991x331 A Yes 

(10) 7s 479466 54391 divisible by 421 ? 

V 421x19 = 7999 A 

;.f 47 946 654 391 \ 

( 1694 7205 3782 ) No 

(11) What change should be made in the first digit of the above 
number in order to render it divisible by 421 ? 

As 1684 is exaedy 4x421, the only change needed ia 
order to reduce the actually present 1694 into 1684 Is the 
alternation of the first digit from 4 to 3. 




Mol only with regard to questions arising in connewi. •. 

3 rising out orPytlwgoras-Theorem which we shall sho^uW 

„p but also in respect of matters relating lo the three fundf 
aeaial Trigonometncal-Ratio-reUtionships as indicated bvtfe 
three formulae sin*0+co5«$ = l, l+tan‘e = sec>Band l+«« 
-cosec* 8 etc., we have often to deal with the difference of two 
[tjuare numbers, the addition of two square numbers etc. And it 
jsdesirable to have theassistance of rules governing this subject 
aod benefit by them. 

D]F>xrence op two Square Nuureu 

Of the two, this much easier. For, cny number can be ex* 
pressed as (he difference of two square numbers. The Algebraical 
principle involved is to be fountl in the clcmeniary formula 
|i-b» = (a+b)(a-b).Th(sineanslhat,iflhe given number can 
be expressed in the shape of the product of two numbers* oor 
task is automaticaUy over. And this “if" imposesa condition 
which is very easy to fulfil. For. even if the given number is a 
prime number, it can be correctly described as the pro ucto 
il«lfandofunity.Thus7=7xl, 17-17x1, 197-197x1 and 

sooa 

In the next place, we have the derived formula; 

(a + b)»-%-b)t^4 ab; and therefore ab can a^w P 

com.’ . /*+•>? -u-(half 

wmeinto the picture as (-j- ) - ("I-^ beexpmssed 

*'«'^-(half the difference)* and as W "“^rger the number 
ah. the problem is readily sdved. And 
“fl^torisalions possible, ttie better- In fact, u ^ 1 , 

“''‘tooaspermi^blc. the number of possible 
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For example, suppose we have to express 9 as 


the difTe 


two squares- We know that— '^ 

(I) Z3X I -(V)»-(V)«»7»-6“ 


(2) U-6X2-4*-2* 

0r4x3 = 3|»-}» 
or J2xl-6j>-5i< 

(3) 48*.Sx6 = 7*--l» 

or]2x4-8»-4> 
or 16x3-9}*-6}* 
or4§Xl-24i»-23J» 
or24x2 = l3*-IM 

The question, therefore, of expressing any number as ihedi/fc 
rence of two squares presents no difficulty at all ! 


The Sum of Two Square Numbers 

Inasmuch, however, as a»+b« has no such corresponding 
advantage or facilitjes etc-, to offer, the problem of expressing 
any number as the sum of two square numbers is a tough one 
and needs very careful attention. Therefore, we now proceed to 
deal with this. 


A Simple Rule in Operation 

We first turn our attention to a certain simple rule at work 
the world of numh^^* ir. * 1 . 2 ^___ 


the world of numbers, in this respect. 

c need not go into the relevant original Sutras and exph 

non^anskrit.faiowing readers- Suffice 
applittiioV^'*^ purpose, to explain their purport and th 


4 

applicaiion. 

or “mixed" fractions, mw 
( 0 that ih*' • "'fiich fulfil three conditions: 

ordcr;^ consists of the natural numbers 


W) that exactly the same; and 

conim^..^!- f^**'*naiors are f\AA v-timh^rs. in 
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W into 


Gcueral 


S,im and Difference of S^rts 
observed thal, when «U these fr^UoM 

' 'of O'and N» is invariably equal to (N+i«,i,, 

being' 

n f 2n (n+D ) 

n+Sri^'l 2n+l i 

. p.2n'rl;andN=2n<n+l) 

•; p*+n*-(N+i)» 

*,i(2n+l)»+Mn+*)*“(2n*+2n+l)* 
nes^f^ of it is perhaps frightening; but the iJiingh itsdf 
jimplerand the best formula is D»+N»-(N+1y 
means that when a* (given)-fx^ is a perfea square, we 
jaareadilyfind out x*. Thus, for instance, 

(i) If the given number be 9,2a4-l -9 /, n -4 
4J is the fraction we want. And 9**h40»-41* 

{«) If a be 35,2n+1 * 35 /. n=17 The fraction vranted 
i!l7Ji-W 35*+612»-€I3» 

(HO If a - 57. 2n + J - 57 n - 28 The required fraction 

/. 57*-Md24» = 1625» * 

(if) Ifa-14l,2ft+l - Ml A n-70 The wanted frtcUon 
isTWr-ViV l41>-9940>-9941* 

^<i«: Multiples and sub-muliiples too behave in exactly the 

»«manner accordirjgto AnurUpya, i*- proponionately. For 
/. 2n+l+35 n = 17 The fracion warned 

isl7i{-W A 35*+6l2»-6l3* 

70*4-1224*-1226* 

A Simpler method (fOR the Same) 
same resull can also be achieved fractions, the 

®^od which docs not necessitate fraction-shape 

^sforming of them into ihe P® 

gives us the answer immedcate . jj ^tb above, 

'' will be observed that, in aUt^c examples 
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be the given numtwr, its square -49 wliich can be 
the two consecutive integers 24 and 25. ^ \s^ 

7*-j-24“-25*. Similarly. 

(1) Ifa-9. iU squarc(8I)=40-f4l /. 9*-f40»-4n 

( 2 ) if a-35. its square [I225J-612+613 

(3) If a-57, its square (3249) “-1624+1625 57*+i$24r^^^* 

(4) [fa-141, its square (19881)-9940+9941 
A 14J *+9940*-9941* 

and so on. And all the answers are exactly as we obtained before 
by the first method. 

The Case of Even Numbers 

Yes, the square of an odd number is necessarily odd and can 
be split up into two consecutive integers- But what about even 
numbera whose squares will always be even and cannot be split 
up into two consecutive numbers? And the answer is lha such 
cases should be divided off by 2 and other powers of 2 until so 
odd number is reached and then the final result should be multi¬ 
plied proportionately. 

For example, if a *-*52, we divide it by 4 and get the odd 
number 13. Its square (169) ►•84+85 a I3*+84*-85*A multi¬ 
plying all the terms by 4*. we say: 52*+336*- 340*. 

There are many other simple and easy methods by which we 
can tackle the problem (ofa*+b*-c*) by means of clues and 
co^usions deducible from 3*+4»-5* 5>+12*-I3* 8*+l5* 

an' j ^ not now enter into details of these and other 

matters. 



glementary Squaring, Cubing etc 


,. some of the earliest chapters of this treatise, we have <jeah « 

‘ gth. withmultiplicaiiort-devicesofvarious sorts, and sqU' 
cuKng etc , are only a particuUrapplkation thereof. Thisi, 

,d,y this subject too found an integral place of its own in those 
earlier chapters on multiplication. 

And yet it so happens that the squaring, cubing etc., of num¬ 
bers have a particular entity and individuality of their own; and 
besid e$s they derive addit lonaS importance because of thei r i ui* 
^le connection with the question of the square-root, the cube* 
root etc., which wc shall take up shortly. And, consequently, we 
$haU now deal with this subject of squaring, cubing «c, mainly 
by way of preliniiiiary revidon and recapitulation on the one 
hand and also by way of presentation of some imponani new 
material on the other- 


The Yavadunam SOtra (for Squaring) 

In the revision part of it. we may juM 
student of the y5v<j<fu«<7m formula and merdy 

I^es thereofas a sort of practical memoryrtlresner. 

l.97»-94/'09; 

2.8P-74,/,69 = 7569 
3.19«.1„ 8,1-28.1-361 
4.9I*-82/81 

5.965«-930,/225 - 931/225 
6-113‘-126;/69 = 12769 
7.996*=.992/016 
*-998*=. 996/004 
9. 9997*-9994/0009 
>0-1007*-1014/049 
*l-9996»=. 9992/0016 





» fOic Mafhemmts 


11. 9999'-9998 0001 
jy 1017 ’- 1034,089 

14. 1059-- 1078,;52l -J079/52I 

15. 99991--99982/00081 
M. 9999S-- 9999$;00004 
J 7. 999942 -99988/0003^ 

18 . 100042 - 10008/0016 

19.9999782-999956/W0484 
20. 9999982-999996,^000004 
21. 1000232 -100046/00529 
22. 99998732« 9999746/0016129 
23.9999999‘ = 9999998/O0OOCOl 
24.10000122 -1000024/000144 


The anurOpva SOm (for Cubikc) 

This is new material. A simple example will, however suflw 
to explain it; ’ 

Tal« the hypothetical case of <»ne who knows only Hc cyw 
of the “first ten natural numbers", i.c. 1 to 10 and wishes to to 
thcrcbeyond, "iih the help of an imelligent principle and pro«. 
dure. And suppose he desires to begin with 11*. 

1 • The first thing one has to do is to put down the cube of the 
first digit in a row of 4 figures in a geometrical ratio in the exact 
proportion subsisting between them. Thus, 

Il«-1 I J I 
2 2 

13 3 1 

(//) The second step is to put down, under the second and third 

numbers, just two times the said numbers themselves and add 

wp« And that is all! 

A few more instances wiU clarify the procedure; 

(0J2» -I 2 4 8 
4 8 

iTiT 

I 

TTTS 


(2)13* 



0) 


jiamcruury squaring, 

, 41.1 A 16 M 
8 32 


(♦) 15 »., 5 
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2 7 4 4 


/o 16*-J ^ 

(^ 12 72 

4 0 9 6 


^ J8»^l 8 64 512 
16 128 

TF 


^, 2 P - S 42 I 


9 2 6 1 

rll)23*-8 12 18 27 
' 24 36 


.. *25 

^10 SO 

^ TTT ^ 

I4 9 S 

^ 9 TT 

(«)19U1‘71P^ 
18 162 

^8 S ^ 

( IO ) 22*-8 STT " 

16 16 

10 6 4 8 

{12)24>.8 16 32 64 
32 64 


12 I 6 7 

(13) 25’-8 20 50T25 
40 100 


13 8 2 4 

(14) 32*-27 18 12 8 
36 24 


IS 6 2 5 


32 7 6 8 


15) 9»-(l0-1)* 

- 1000 - 100 + 10-1 
- 200+20 


.1000-300+30-1-729 


t.729 567 441 

343 

M34 882 


912 6 7 

3 


onicr still, y ^ 

•100000 - 30000+ 900- 2" 
-60000+1800 

+2700-F 

6 7 3 


100 

- 912 6 7 3_ .Hituand ul« f**® 

If you start withlh« 

«threenumbersihthetoprowa ^ ,^11 L 

the ratio of the original digits, .M 

«4th figure on the right end isju« 


♦ vi : im *: i:ca 
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The Algebraical explanaUon hcreofis very simple- 
If o and ^are the two digits, then our chart reads-' 
a*+ a*b-f- ab--rb^ 

2a*b+2ab3_ 

a5^3a*b-H3ab*+b^ 

and this is exactly (a-|-b)»! 

Almost every mathematical student hi&ws this; but very 
people apply it I This is the whole tragedy and the pathos offt^ 
situation! 

The YAvadOnam SOtra (for Cubino) 

The same Ydfadunam Siitra can, in view of the above, be 
applied for cubing too* The only difference U that we cake here 
not the deficit or the surplus but exactly twice the deficit or the 
surplus as the case may be and make a few correspcndini 
alterations in the other portions also, as follows; 

Suppose we wish to oscertflin the cube of 104. Our base bei^^ 

100, the excess is 4. So we add not 4 as we did in the squarins 
operation but double that, U. 8 and thus have 104-hS (- ll2)as 
the left-hand'most portion of the cube. Thus we obtain 112* 
Then we put down the new excess multiplied by 
the original excess (i.c. 12x4-48) and put that 112/4 

down as (he middle portion of the product. 

And then we affix the cube of the original ex¬ 
cess (i.e. 64) as the last portion thereof. And the 112/48/64 
answer is complete. 

Some more illustrative instances are given below for familiaris¬ 
ing the student with the new process which is not raally new 
only a very useful practical application of the (a+b)» forfflua 
described above; 

(1) 103*-10^/27/27 (because 9x3 =27;and 3^-27) 

(2) ll3»-U9iBp7(because39x13-507and 

(3) I004>-1012/048/064 (because 12x4-48 and 4«-64) 

(4) 10005“' i0015/0075/0125{because 15X5-75 and 5*-^ ^ 
(5J996’-988/048/031 988/047/936{V -I2X,64) 

(6)93‘ -79/47 A3 rbcciiu«-21 -7 -147 



ElcmcnKiry Cubing 

.^,.-9973,-02-»3,'572D(b«au«^27^ / 

'! 9^ = 99997;00003;t30001 = 99997/00002»<>«. 

(’;^12>-100036;00432/OI728 '*2/99999 

!lil99998’ = 9’994,O0012('0O0Og-99994/Cl00li/99M, 

S l^M* -1000021/000147/000343 

jS999992*-»997S/00019l/9994S8(b«ause24x*-i92 

Fourth Power 

^Vckn®'’ that (a-rb)‘-a*^4a»l>-^6a2bH4ab»+b‘. This ssva 
osiherequUice clue for raising any given number lo iu fourth 
power. Thus» 
mil*- I J I I I 
3 5 3 


1 4 6 4 1 


( 2 ) 12 *- 1 2 4 8 16 
6 20 24 


2 0 7 3 6 


The B^nomtai Theorem 

The “binomial theorem” is thus capable of ^ 

lion and—in its more comprehensive Vedic fonn 
Viliscd. to splendid purpose, in Ok Vedic 

of Calculus work both ^details. foraUler 

be facniuled thereby. We shall hold over the 



thirty-three 


straight Squaring 



Reverting to the subject of the squarine or 

need hardly be reminded that the methods 

plained in an early chapter and even in the rJ^iou t 

applicable only to sp^al cases and that a geLral forS '1^'! 

able of umvemi application is still due. ^ 

And, as tWs is intimately connected with a procedure known 
as the iJwflm/wa Yoga or the Duplet Combination process and as 
thisisorstiUgceaterimportanceard utility at the next step on 
the (adder, namely, (he easy and facile eumoHon of square ro^t^ 
we now go onto a brief study of this procedure. 


Trb Dwandwa-Yooa (or the Duplex Combination Process) 

The tenu *'Dwamiwa Yoga'" or Duplex is used in two djffere&t 
senses-The first one is by squaring; and the second one is by 
cross-multiplication. And, in the present context, it is used in 
both the senses (a* and 2a b). 

In the case of a single central digit, the square (a* etc.,) U 
meant; and in the case of an even number of digitt say, a and b 
equidistant from the two ends, double the cross-product (2ab) js 
meant. 

A few examples wiU elucidate the procedure. 

I>cnotiiig the Duplex with the symbol D, we have. 

(1) Fof2, D=2*-4 

(2) For?, D-49 

0)For 34. D-2(12) “24 

(4) For 74. D«2(28)-56 

WFor409, 0-2(36)-fO-72 

W) For 071, D .*0-5-49- 49 

t’JFor7l3, D - 2(2l)-f 

ift\ ^ - •• ra 
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(9) D for 7346 -2x42+2x ;2-10S 
(10) D for 26734 -16+36+49 = 101 
<1I)D for 60172-24+0+1*-25 

(12) D for 73215-70+6+4=80 

(13) D for 80607 -112+0+36 -148 

(14) Dror77-2x49-98 

(I ^ D for 521398 =80+36+6 = m 
(16) D for 746213-42+8+24-74 
(IT) D for 12345679-18+28 +36+40-122 

(18) O for 370415291 -6+126+0+40+1 -n3 

(19) D for 432655897 - 56+54+32+60+2S-227 

This is merely a recapitulaiioo of the Crdhva Tiryak proceatf 
multipb'caifon as appli^ to sqjafiog and needs aoexpodtioit ^ 
Notfi If a number consists of n digits, its square must have 2a 
or2n-1 dipts. So, in the following process, take extra dots to 
the lef^ one less than the number of digits in the given numhen. 

Examples 

(1) 207»-408<»( *-42849 . . 207 

2 ^ ) 4 0 809 

2 4 

~4 2 849 

(2) 213* = 44^369 - 45369 

(3) 22I<-48841 

(4) 334*-9 8 3 4 6-111556 

13 2 1 

<5)425*- ..425 

16/16/44/20/25-180625 

(6) 543*-25 0 6 49 - 294849 

4 4 2 

(7) 897* ... 8 9 7 

64/144/193/126/49-80609 

Or 1 I 0 5»-l2lC609-80609 

Or by YavaOinam Sfir/a-784/103*-80609 

or(inin»- - • • ^ ^ ^ ^ 

' 1 2 I 0 3 2 I 


-790321 



Straight Squaring 

Or by Yayat&nam SStra 
8g9» - 778/11 789/^^321 -790/321. 

" 1 2 3 8 7 6 “ 

(10) 2134*-4/4/13/22/17/24/16 *4553956 

(11) 3214*-9/12/10/28/17/8/16-10329796 

(12) 3247**9/12/28/58/44/56/49 * 10543009 
<I3) 6703* -36/84/49/36/42/0/9 -44930209 

(14) 3U2*-9/6/25/20/20/16/4 -987.2164 

(15) .0731*-.0049/42/23/6/1 - .00534361 

(16) 8978*-64/144/193/254/193/112/64 - 80604484 
0/^(1 I 0 2 2)* = l®I/i/0/4/4/8/4 - 80604484 
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Or by 7956/1022*-S0604484 

(17) 8887*-64/128/192/240/176/112/49-78978769 

* = 1 •2-10-3+8769 - 78978769 

Or by 7774/1113* - 7774/ 8769 -78978769 

/123 ’ 

(18) 141.32*-1/8/18/14/29/22/13/12/4-19971.3424 

(19) 21345*-4/4/13/22/37/34/46/40/25 -455609025 

(20) 43031*-16/24/9/24/26/6/9/6/1 -1851666961 

(21) 46325*-16/48/60/52/73/72/34/20/25 - 2146005625 

(^) 73214*-49/42/37/26/66/28/17/8/16 -5360289796 


2 ' 
11113 




yai-gamula (Square Root) 



with the recapitulation in the last chapter of the «.St,aizht 
Squaring method” and the pract.ca: application of the Dy^aJ«. 
{Duplex Process) thereto we now proceed to deal vdth the 
square root on the same hind of simple, easy 
aad straight procedure as in the case of “Straight Division". 


Well-kkow First PjtiirciPtEs 

Hie basic or fundamental rules governing the extraetioa of 
tie »{aixc root> arc ae follows: 

(1) The given number is /irst arranged in two-digit groups from 
fight to left; and a single digit if any left over at the left- 
hand-end is counted as a simple group by itself. 

(i)Thc number of di^U in the square root will be the »aje 
as the number of di^t-groups in the ^veo number itself 
induding a single digit if any such there be. Thus 16 wD 
connt as one group, 144 as two groups and 1024 as two. 

(3) So, if the square root contains n digits, the square mast 

consist of 2 n or 2n-l digits. . . 

(4) And, conversely, if the givwi number has n djpts, 
square root will contain or -*j- digit5« 

(?) But, in cases of pure decimals, the number * 

square is always double that in the square r .19 ) 6 , 

W The squares of the first nine natural numbers are 
25,36.49, 64 and 81. This means: - g. 

(0 that an exact square cannot end m . • eitli« 

('0 Wthat a complete square ending * dipt 

I or 9 mutual complements rr® 


<i!>) (lull a square can end m 4, only if the 

ends in 2 or 8 complements; 'ooi 

(e)tliat the ending ofa square in 5 or 0 imaiu . 
square root too ends in 5 or 0 respectively; ' ^ 

((f) that a square ending in 6 must have 4 or 6 comni. 

ments as the last digit in its square root; and 
(^)that the termination of an exact square in 9 
ble, only if the square root ends in 3 or 7 compl;! 
ments. 

In other words, this may be more briefly formulated thus, 

(а) that I, 5, 6 and 0 at the end of a number reproduce them, 
selves as the last digits in its square; 

(б) that squares of complements from ten have the same last 
digit. Hius. Hand 9^; and 8^ 3Und 7^; 4^ and 6^; 5» 
and ^nd 0* and 10* have the same ending, namely, 1,4, 
9. 6, 5 and 0 respectively; and 

(e) that 2, 3. 7 and 8 are out of court altogether, as the fiDOl 
digit of a perfect square. 

Keadily Availabu Fjrct Data 

Thus, before we begin the straight extracting of a square roct 
by ^'straight division” method, we start with previous knowled^ 
of(]) the number of digits in the square root and ( 2 ) the first 
digit thereof. Thus. 

(1) 74562814 N =8 N in square root—N/2^4; and the first 
digit thereof is 8. 

(2) 963106713. N-9 Nin the square root“5: 

the first digit thereof is 3. 

But (3) (.7104)* must contain 8 decimal digits. 

(4) V*16-.4 

(5) V^0S4-4)8 

(6) \A000049c».007 

(7) V‘00007(0)-.008 etc. 

(8) V^OOOOOM? =• .0002 etc. 

(9) Vi)9-..3 


MODUS OPEIUNOI (OF SriuiQw Squaring) 

^cedurc of stcaigUi squaring a^ inculcatA^ • . 

S:r^P-se.y the san,= «V^ic 

fa^rcncc. lumely. in the forrejr the divisor shouW h 
double the first digit of the square root. ^ ^ 

‘^j.iAsBsingle digit can never be more than 9, it follow* 
^tefore that, m our method of straight squaring, no divi«r 
above 18 is necessary. We may, of course, voluniarih choose to 
ital with larger numbers; but there is no need to do so. 


Initial Chw 

Wc thus start our operation with an initial chart, like the 
samples given hereunder: 


'■> 4:’ 

29 

1 

(2) 7 

4 

31 : 

3 

j 2 


: 2 


0) 32 

10 : 

49 

7 

( 4 ) 40 

12 : 

96: 

4 

: 5 


: 6 


(« 1 

2 : 

63 84 : (6) 8 

0 4 : 

: 31 76 : 

: 4 : 

: 1 : 

2 : 


(7) 44 ; 

12: 

.44 44 : (8) 

8 : • 

13 6: 

2 : 

"5 

:7 


W 73 

16: 

; 60 
: 9 

84 : (10) * 

4 : 

00 00 01 : 

2 • 


* 9 


- • 2 
» ♦ 

« B 

9 


61 71 74; 

9 

00 10 
6: 

: 73 69 42: 

: 1 '* •— 

r> 

: 3 

- : F 

• * 
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FURTIfER PROCEDVRE 

Let US now lake a concrete case the extraction of iv. 
root of, say. U97I6 and deal with it: 

(/) In the above given general chart, we have noi 
down the single first digit of the square 
also prefixed to the next dividend-digit, the remaind^ ^ 
our subtraction of the square of that first digit 
left-hand-most digit or digit-group of i\. 

the given number. And we have also set 6 : : 2 ^ 

down as our divisor, the exact double “7 3T 
ofthe first digit of the quotient. 

(/j) Our next gross dividend-unit is thus 29. Without nibiraa 
ing anything from it, we simply divide the 29 hy the 
divisor 6 and put down the second quo- 1 ] : 9 71 ^. 
tieni-digit 4 and the second remainder 5 6; : 2 5 

in their proper places as usual. 

<iiO our third gross dividend is 57- From this we subtocs 
16 the square ofthe second quotient-digit, get 41 as Ik 
actual dividend, divide it by 6 and 11 : 9 7 16 
set down the Q (Q and R (5) in 6 ; : 2 5 3 

thei r proper places as u soal. 


3:46 


(fr) Our third gross dividend-unit is SI. From this we robttad 
the Dwandwa Y&ga (Duplex) (*-4fi), obtain 3 as tk 
remainder, divide it by 6 and put down 11 :9716 
the Q (0) and the R (3) in their proper 6 : : 2553 . 

Traces. T 3 :46XU 

(v) This gives us 36 as our last gross dividend-unit. From thii 
we subtract 36 the J)wandwa Toga of the third quodea«* 
digit 6; get 0 as Q and as R. This means that the workte 
been completed, that the given expres- II : ^ ^ ^ 
sion is a perfect square and that 346 is 6 : 

Its square root. And that is all. 



tU A ***«»POF COMPIETENESSAND COfcMClNBSS 

compIcIc-squarCDess of Hw P 
wpwsaon and of the correctness of ihe square root 







y^rgamu}a 

by sqx='"''E '■•"dins the sogero i« 

“i^'ajlhcyivsn compiMcsquarc-Thus, ^ ‘®««acilyihe 

** 346«- 9/24/52/48/36= 119716.-.Yes, 

rt) But this is too mechanical. We obtain a nrn. .. 

‘’'“■'^“"'‘"hen theproeesjise^,''*''^ 

fjio the decimal Parl. “H the quoiient-digii/inuldsei™'!''"''* 
gre found to bo zeroes and the remainders too are^l^zeroe!l‘“" 

Proof to the CwrriiARY 


ABumbcrcan nor be an exaa square in the following dreum- 

Stances^ 

(1) if it ends in 2,3g 7 or 8; 

(2) if it terminates in an odd number of zeroes; 

(3) if its last digit is 6 but its penultimate di^t is even; 

(4) ifits last digit IS not 6 but its penultiiDaie digit Is odd; 
and 

(5) if. even though the number be even> Its last two drgKs 
(taken together) are not divisible by 4; 

And a square rewt c^nor be correct ifxt fails to fullil any of 
the requirements hereinabove indicated: 


Examples 

Some instructive illustrative examples arc given below: 


( 1 ) 


& 


5:2 9 
4: : I 0 


: 2 : 3 (complete) 


40 : 9 6 
12: : 4 I 


: 6 :4 (complete) 


(2) 32 : 4 9 

10 : : 7 4 


(^) 


(5) 


:55 : 2 0 4 9 
14 : :6 6 2 




16 


: 7 :4 3^0 (complete) 


W : 53 : 1 6 3 21 4 
14 : : 4 J36I3 57 


5 : 7 (compleM) 


.6384 
0 2 3 6 


8 


2 ^(complete) 

9 0 6 3 2 1 
5 11 5 4 1 
TTirooo 


A complete square 




olcte) 


• a 
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0) 


6 


<9) 


12 


( 10 ) 


(H) 


10 


( 12 ) 


12 


( 13 ) 


16 


(JO 


14 


(15) 


16 


(16) 


B 


(17) 


14 • 04 7 504 
T 5 5 II 13 


3 : 748 - (complete) 

41 : TTTTTT 
! 5 4 5 2 1 0 


6:423 4)00.% A complete square 


7:389 15489 
:355 I3 6740 


2; 77 8 3 OOOO .% An exact square 


25 : 74547 6 
:0 74 55 1 


5 ; 0 7 4.0 00 ,% A perfect square 


45 : 3 1 9 8 2 4 
! 9 9 6 3 1 


6 : 7 3 2.0 0 0 /. A complete square 


74 : 5 7 5 3 1 4 49 
:I0 9 13 19 12 7 7 4 


8:63 57.00 0 


An exact square 


52: 443 907 (to 2 places of decimals) 
r3 6 4 13 7 


7 I 2 4 1 . 82 


• • 


73 : 2 1 0 8 (to 3 decimal-places) 
:9 12 16 14 IS 


8 : 5 5. 6 3 3 


18 : 1 3 4 5 1 2 (to 3 dednal-places) 

: 2 5 9 10 16 17 


4:2 5 8.4 64 


13 : 8 7.0 0 0 
•4 6 6 8 8 12 


(to 4 decimal-places) 


3 : 7 .24 24 


• ee 




VargatttQh 

. 75 : 0 1 *7 1 0 0 0 0 (to 4 places) 
•11 14 9 d II 10 


3LS 


(19) 


(») 


( 21 ) 


S :6 -6 1 24 


.00:09: 24 0160 (to 6 pUcts) 
: : 0 2 6 6 

0 3 9 7 


16. : 7 9 0 0 0 0 0 0 0 (to 6 places) 
; 0 7 7 14 19 


!0 


27. : 1 3 0 0 0 0 0 0 0 0 0 (to 5 places) 
: 2 1 9 10 S 16 7 


( 22 ) 


16 


(23) 


8 


(24) 


10 


(25) 


(26) 


(27) 


12 


0 9 7 5 6 


2 0 8 64 


.74 


1 0 7 0 0 000 (to 5 places) 
10 S 14 19 14 16 


.8 


6 0 8 54 


19. 


7 0 6 4 1 2 S 14 (lo6 places) 

3 5 10 10 15 17 13 


4 3 9 1 9 0 


27 .: 000 0 0 000 (io6pIaces) 
; 2 10 9 12 17 10 


5. : I 9 6 1 5 2 4. 


^ : 0 0 4 5 1 3 (to 5 dedmal-pUces) 
•000431 


.3 : 0 0 07 5 



m 



06 


1 3 4 0 0 0 0 0 (to6places) 
0 112 


0 2 2 2 

3 0 0 0 0~0 0 0 (to eight places) 

3 9 14 20 24 24 2^ 

2 6 8 9 7 7 
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:.00000083 
18 : 


(29) : XI00092 

18 : 


.0 09 


1 0 0 0 0 0 0 0 (to 8 

3 n 18 7 0 


;.00 0 9 : 11 5 9 


401000 
11 6 6 13 15 14 24 32 


0 0 (to ten places) 


6 1 2 5 4 38 


(30) 


: 2: 0 7 3 6 
2 : : 1 2 3 1 


: 1 : 4 4. 0 0 /.A complete square. 

Or, taldog the first three digits together at the first step, 
have: 


: 207 : 3 6 

28 : Ill 1 


: 14 : 4.0 An exact square 


■thirty-five 


Cube Roots of Exact Cubes 


Mainly by Inspection and Akciasntation 
OVen^knowrf^ FirshFrlnciples 

/n Tiie lowest cubes, i^. liie cubes of the first mae nature] 
Dumbcfs are 1, 8.27.64.125,2ie, 342,5l2attd729. 

(2) Thus, they an have their ovra distinct endings; and there 
ij flo possibility of overlapping or doubt as in the case of 

sqaares* 

( 3 ) ITicrefore, the last digit of the cube root of an exact cube 
is obvious: 

. cube root ends in i: 


(0 Cubeendsial 

(^)Ccndsitt 2 
(jfl)Cend6iR 3 
(It) C ends in 4 
(r)Ccnd8m 5 
(vf) C ends in 6 
(WO C ends in 7 
(fUi) C ends in > 
(ix)Ceadsin 9 


4 # 


C Rends in 6; 
CRendsin?; 

C R ends in 4; 

C R ends in 5; 

C Rends in 6; 

C R cods in 3; 

C R ends In 2; and 

C Rends in 9; 


s n r«..d • «p“ 

of complcmenB from 10- 
(fl) 2.3.7 and 8 have an i, ^ same as tte 

(5) The nnmberofdigits *'““^^cubeindudingasmBle 

Dumber of 3-dtgit groups 

<li©t or a double-digit group if '*«"*** J ^ be obvious from 

(6) The first digit of the cube-root w 

'be first group in the cube- ^ jnd 'he 1“' ^ 

(7) Thus, the number of digit^ ^ with 

of the cube root of an exact cube 
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start, whcnwc begin the workof<yciracHn..i. 
exact cube. ”8 the 


cube 


tool 


Of 




Examples 

Let F. L and n be the symbols for the first a- ■ 

and n the number of digits in the cube root JT’ "« t»a . 

(1) For 226.981. F = fi. L -1 and a -2 

(2) For4.269,813.F-l.L>7andn-3 

(3) ForI,728,F-I,L=2andn-2 

(4) For33.076.16I,F-3.L-landa^3 

(3)For 83.453.453. F-4. L-7and n -3 

(6) For 105. 823. 817. F -4, L =3 and R -3 

(7) For 248, 858.189, F-6, L -9 and a =3 

(8) For 1.548, 816.893, F -1. L - 7 and n -4 

(9) For 73,451,930.798. F=4, L-2and n.4 

(10) For 76. 928. 302, 277. P-4. L ^3 and n -4 

(11) For 6. 700.108, 456.013, F-I, L.7and n-S 

(12) For 62,741, 116.007. 421. F-3, L-1 and a-S 

(13) For 91. 010. OOO. 0(0. 468.F-4.L-2anda-5.nd „ 


The Chart-Preliminary and Procedure 

^epro«du«issimiUrto theonc adopted by us in -Saaigl 

D.«s.on andparDcidarlyintheeRtraaionofsquareroots. n 

fra""‘Ws conText will ant b 
S A Je t but three times the square tben 

functioning as usual as follows: 


(I) 

( 3 ) 


: 1 : 

: 728 

3 : : 

0 1 

: I ; 

: 73 

: 089149 

48 j 

r 901 

r 4 



( 2 ) 

(4) 


12 


: 13 

8 2 4 

3 

: 2 


27 

: 841 

0 

3 



27 







Cube Roots of ExaetOib 


es 






. 21 : 400 713 

t2 r : 13 

;««= •'w 

. : gg 

: 2 : 

• 8 r 

: 19 : 314 502 


4S : : 


: 4 : 
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Algebraical Prikcipu Utilised 

Aoy arithmetical numher can be put injo Its proper algebraical 
shape as: 

a+iOb+lOOc+lOOOd etc. 

Suppose vf« have to fiod the cube of a three-digit arithmetical 
pumber. Algebraically, we have to expand (a+10b4l00c)>. 
fxpandiDg It accordiogly, we have r 
(a+1 Ob+100c)* = aH 100b»-M OOOOOO^+30a»b-|-300ab» 
+300a*c+30000ac*4‘30000b^+300000bc*+6DaOabc* 
Removing the powers of ten and putting the result in alge* 
braical form, we note the following: 

(1) The units' place is determined by a*. 

(2) The tens' place is deterrnined by 3a*b. 

(3) The hundreds’ place is contributed to by 3ab*+3a*c 

(4) The thousands’ place is formed by b*+68bc 

(5) The ten thousands' place is given by 3ac*+3b*c 

(6) The lakhs' place is constiintcd of 3bc*; and 

(7) The miUiODS* place is formed bye*. ^ . .v- 

7/3.: The number of zeroes in the various 
Algrtraical expansion will prove the correctness of to 
^.e;Ifope^shesto proceed m "I' 
may do so; and, for the sakeoffacjbiy s , v j h 

<for\ b. ;det;.)maybccon«DieDdyputdowaasL.K,J.M 
etc. 

THE IMPLICAHONS OF THE 

This analytical sorting of the various necessary du® 

espansionimo their re5p«tivepbc^^ ..pg ^ prerious 
for eliminating letter after letter an .f^afgumeniational 
%!• And the whole procedure jsrea y 

character. Thus 
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(0 From the uni is’ we subtract a* (or yx. 

eliminates the Iasi digit. ’ 


(ii) From the ten’s place, we subtract 3a*b(or3UK) 
eliminate die penultimate digit. ' 




(i/i) FfOili the hundreds’ place, we subtract 3a^:+3 v, 
3L2i+3LK*) and thereby eliminate the prep^j 
digit. 

(fv) From the thousands’ place, wt deduct b*+dabc; andso 
the case of perfect cubes we have the addiii 
advantage of knowing the last digit too, beforebafid. 

Some instructive examples are given below: 

(1) Extract the cube root of the exact cube 33,07d, 16|. 
Kere P-*3;L -1; and n«3. 

(L)L*I L*-l. 1 j j 

Subtracting I, wc have [ 33 075 151 


(K) 3L*K •SIC (ending in 6) /. K^2l 
Deducxing 3K, we have |”33 

(3)3L«J+3LK>-3J-hl2(cndinginI)l 
.•.3J ends in 9 J-3 } 


33 076 16 

_5 

33 0751 
A CR-321 


unnecessary as the firstdigitis 

known to US from the outset. 

(2) Extract the eube root of the eaact cube 1728. 

Here, F*I :L^2 andn-s2 . CR-12 

*«« «“'>« 13.824 ’' 

Here F-2; L -4; and 0-2 . cR-24 

j 83 453W 

(K)3L.K.U7K(c„diagi„„ k-3 

(^13C3S"'',S 


L 



321 


cube Exact Cabt4 

f/j. : •* P^yioui example. 

(L) L «• 9 .'. V • 729 .*. Sublractlog ihjs 


^ ^ 519 
729 


fK) 3L*K“243K (^ndixiB Id 91 * V i ~ - 

‘ Subtractins 729 ‘*‘“'’'■•*‘>3 g^o^,. 


(J) 3Ly+3LK« = 243J+243 (coding in 5 ) 
243J ends in 2 J.4 

jV. J.: As before. 


i 729 
7143955' 


CR-439 


(5) E«r8ct the cube root of the exact cube 
HercF-6;L-9; an4n=3. 


(L) L - 9 ., L* - 729 Subtracting this. 
fK)3L*K = 243K (ending in 6) 

K»2/, Deducting486 

(J) 3L>J+3LK*-2431+108 (ending in 5) 

243J ends in 6 J-6 

N.B .: .Same as before. 

(7) Determioe the cube root of the exact cube 
HereF-4;L«3j and n-3 
(L)L *3 L’-27. Subtracting this 

(K) 3L*K -27K (ending in 9) K - 7 
Subtracting 189, we have 

(J) 3L‘J+3LK‘-27J+441 (ending io 8) 
J=4 

MArAa before. 


2488 38189 
2488 58189 
729 

24883 746 

\ _486 

I 248852 6 

) CR-529. 


1058238[7 
105823817 

_^ 

10582379 

189 

1056219 

} CR=473 


(8) Extract the cube root of the exact cube 
Here F*5; L ■ 3; and n • 3 
(L> L » 3 L* • 27. deducting this 

(K) 3L«K -27K (ending rn 4) /. K - 2 
Subtracting 54. we have 
(J) 3L*J+3LK« = 27J-36 (ending in I) 
J-5 


143 055 

667 

143 055 

667 


27 

143 055 

64 


54 

143 055 

1 

.-.CR 

523 
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xr a • Piacily as before. 

the cube root of the cube 

^ HereF-a, L-3; 
and n-4. 


302.27, 


I ^zr 


22S 


) 


I3S 

CR-42S3 


! 


79 


(L) L“3 /. *27. Subtracting this, 

(K) 3L*K = 27K (ending in 5) 

K-5 a Subtracting 135 

(J) 3L»J-r3LIC*-27J-225 (ending 

10 9) A J-2 _ 

Mfl.r But, if, on principle, we wish to determine the firsTJJt 
by tte same method ofsuccesive elimination of the djghs. we 
shall have to make use of another algebmical expansion, namely, 

of (L+K ^f+H)^* And, 00 analysing its parts as before into dv 

units, the tens, the hundreds etc., we shall find that the 4th step 
will reveal 3MH+6LKJ-HK* as the portion to be deducted. So, 

(H)3L»H+6LKJ+K*«27H + 180 >30; 09 

+ 125-27H+305 (ending in 3) 

.% H-4: and CR-4253 

(10) Determine the cube root of the cube 
Here F-2; L = 7; and n=4 

(L) L=7 L*"343. Subtracting it, 

(K.) 3L*K+ 147K (ending in $) 

/. K-4. Deducting 588 

(J) 3L»/+3LK*-147J+336 
(endingin0) /. J-2 
Subtracting 630, wc have 

(H) ^^+6LW+K>.147H+336 
;!;'^=^‘‘’H+‘«»(endingin4) 

‘upcrflu^ sseeflaitiing the first digit is really 

*•-*; and n»4. 

• • L ».343 Deducting it 


27: 3 

11,345, 123,223 
11.345 123 223 
343 


11 345 


I- 

1 

1 - 


12288 

588 


345 


11 70 
330 


J134508 4 


(L) L 


3L*K-w ti7if / .. 


mC) 


CR-2247 


12. 278.428,443 
12 278 428 443 
343 
ro 
0 


12 278 428 
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(J) 147J+0 (ending in I) 

. j ,3 

Subtracting 441, wc have 

(H) 3L*H4-aKJ+K*-.l47H4-OH.O 
and ends in 4 H-2 

jVj.:Asin the last example. 


_ 4^ 

12 278 384 

A CR = 230? 


/12) Find the cube root of the cube 
' H«eF-7;L-l;o^4 

(L) L»1 /. I'*"!' Deducting it, 
(K) 3L*K = 3K (ending in 4) 

/. K-8 A Deducting24. 

(J) 3LM+3LK*-3J+192 (ending 
in2) aJ-0 


355 045 312 441 
355045 312 441 
I 

355045312 44 
24 

3550453122 

192 

355045293 


(H) 3X*H+dLKJ+K*-'3H-h9+512 

and ends in 3 .% H - 7 A CR«708I 

MJ.: Exactly as above. 

;fc»fe:Tbc above method is adapted mainly for odd cubes. If 
ii» cube be even, ambiguous values may arise at each step and 
tnd to confuse the student's mind. 


(13) Determine the cube root of the cube 
Here F-9; L=6; and IJ--4 

(I) L-6 A L*-2ld. Deducting this, 

(K) 3L*1C = 108K. (ending in zero) 

A K - 0 or 5. Which is it to be? 
let us take 5 (a pure gamble) I 

(J) 3L*J+31K»-I08J+450 (ending 
in6) A 3-2 or 7! 

Which should vp^ prefer? Ui us 
accept 2 (another perfect gamble!) 


792 994219216 
792 994 219 216 
216 

792 994 2)9 00 
540 

??2 994 2136 


} 666 
■7^i996l 4r 


(H) 3L»H+6LKJ+K»-l08H+360 
+ 125-l08H+485(cndiiigm 7) 
H = 4 Of 91 Which shoold we 
choose? Let us gamble again 
and pitch for 91 


CR.-9256 


Her., ho^^er. our previous knowledge of the fir.1 digit m»y 
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come to our rescue and assure «s of its bei^ 9. But th. othee,^ 
were pure gambfcs and would mean 2x2, i.e. four diff^ 

A Beito Method 

At every step, however, the ambiguity can be removed by 
proper and cogent argumentation; and this may also prove 
interesting, And anything inlcUcciual may be welcomed; but it 

should not become too stiff and abstraa; and an ambiguity in 
such a matter is wholly vndesirabk to put it mildly. A better 
method is therefore necessary, is available and Is given below. 

AQ that has to be done is to go on dividing by 8 until an odd 
cube emanates, work the sum out and multiply by the proper 
multiplier thereafter. Thus, 

S) 792 994 249 2 Id 

8) 99124 2811^ 

3) 12390335144 


I ^8 816 893 


HereF-^l;L-7:and r-4 
<L)L-7 .M«*343. ) 

Subtracting this, [ 

(K) 31*K - 147K (ending In 5) 1 

A K » 5, Deducting 735. ) 

<^^“'+3W-I47J+525(cudingm 

41.. J -1 Deducttttg 672, we have • 
(H) 3L*H+6tKJ+K»-147H4,5in 


1548816893 
343 


_W 

15488092 

672 


1548 742 

/. The cub 
root is 115 


) /. Thu 
> root is 


cube^gx 1157-9256 

already Jenown to us. t^imecessary as the first digit 

2, 840,362,499, A* 

) 2840 362 499 52 

!TMn52 45rs 
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/ifl 3VK'-12K and ends m2 
•.K' I fT 6!l.ct us take 61 

Dcduclrnc I2K 

/n 3VJ+3XK.* ’ J2J'}-216 (ending 
in*) /. / ‘JorCt 
Let us lake 11 

/H) 315H'H6LK;+K’ ^ 12H h72 
4-216'•2H*j-238 (ending m 6) 
or 9rLetustafce4 ( 

(G) We need not bother ourselves 
about G and the expansion of 
(a+b+c+d+e)* and so on. 

Obviously G - 1 4 CR» 14162 

But the middle three digits have been the subjea of uocertaimy 
fithlx2x2-8 dilTcrentpossibilities. We must therefore work 
Hoi case cut by the other^the unambi^ous—method. 
orS:2S40362499528 



3 5 5.0 4 5.3 1 2,4 4 1 
Here F*-7:L-I; and n-4 

(L) L-l L’-l 

Subtracting this, vrt have 


355 045 312 441 
1 

T5S 045 312 44 ‘ 
24 

"355 045 3li 2 ” 


(K) 3L'K-3K(en<Jingin4) \ ^5 3l3 2 ~ 

K = 8 .•.Sublfacung24, j 355 045 31 

(J) 3L»J+3LK*-3J+192 I 19 2 

(H) 3L«H+6Lia+K>-3Hf0+512^ Cube Roc.-7081 

and ends in 3 /• H - / •* 

(15) Find out the 12.digil«xactcul>e 

674!. ..6 7 4 1 

HereF-.7;L-l:andn=4 1 

(L) L-I .•. L*-l Subltacungrt, ..674 

1 2-» 

(K) 3L*K = 3Kandend5in4 _ -g-j " 

K-8 A Deducting24. * 
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(J) 3L=J f-3LK*-3JH I9audcnds 
in 5 /, J 1 

.% Subtracting 195. wc have 
(H) 3L*H-f6LKJ-hK®-3H+48-j- 

512560 and ends in 0. » . ^ 

- ” ■ ^ 3 

As we did not know the first digit bcrorchand 
steps wre really necessary. ’ ihc 

(IQ A 13-digit perfect cube begins with 5 and ends urrik a. 
Find it and its cube root. 

•••0541 




Here F-l;L«l;andn-5. 

(T-) L*» I.% L*— 1. Deducting it. 

(K) 3L*K^3K A K-8 

/. Subtracting 24, wchave 

(J) 3L*J-h3LK*-33^-192 
and ends in 3 .% J-7 
A Deducting 213, we have 

(H) 3L*HH-6LKJ+Ka-3H+336 
+512=»3H+848 and ends in 9 
aH-7 

(G) AndG-J 


) 

! 

} 



CR-27781 


And the cube 
17781* 
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Cube Roots (General) 



explained an interesting method by which the cube 
P^ofexact cubes can be extracted, wc now proceed to deal 
vrtih cubes in generalT i«e« whether exact cubes or not. As all 
jjumbers cannot be perfect cubes, it sunds to reason that there 
should be a general provision made for all cases. This, of course, 
there is; and we now take this up 


First Principles 

It goes without saying that all the basic principles explained 
ud utilised in the previous chapter should hold good here too. 
We need not, therefore, reiterate all that portion of the last 
chapter but may just, by way of recapitulation, remind ourselves 
of the conclusions arrived at and the modus optrondi in question. 


The Sequence of the Various Digits 


(1) The first place by a’ 

(2) The second place by 3a*b 

(3) The third pUce by 3ab*+3a*c 

(4) The fourth place by 6abc4-b> 

(5) The fifth place by 3ac«+3b‘c 

(6) The sixth place by 3bc* 

(7) The seventh place by c*; and so on. 


The D.V.DEHDS, Qvotknts, and Re«a>'«*« 

(•) The nrst D, Q and R att availabU at ^ 

(2) From the «^nd dividend, no dedoct.on 
0) From the third, subtract Sab* 

From the fourth, deduct 
(5) Prom the fifth, subtract 3ac’+3b 



328 


Vcd\6 Mothcmaiks 


(6) From the sixth, deduct 3bc" 

(7) From the seventh, subiract C'‘‘; and so on. 


MOOUS OPEXA^Dt 

Let us take a concrete example, namely, 25$ 474 853 and 
the modus opcrartdi iiciuilly at work 258 : 4 

step by step 108 : : 42 loo 


: 25$ 


108 : 


4 

42 100 


74853 


3 7 


(a) Put down 6 and 42 as first Q and first R by mere Vilokim^ 
(inspeetjon). 

(b) The second Gross Dividend 
is thus 424. Don't si^raci 
anything thereform. Mere¬ 
ly divide it by 108 and put 
down 3 and 100 as Qg and 
Ri 

So, the third Gross 
Dividend is 1007. Subtract 10$ 
therefrom 3ab* (i ,c. 3 x d x 

3*, i.c. 162), The third -__ 

actual working dividend 

therefore Is 1007-162-845, Divide this by 108 and s 
down 7 and $9 as Qj and R. 


258 


4 

42 100 


7 485 
89 


37 


(d) Thus, the fourth gross 258 
dividend is $94. Sub- log . 

tract therefrom 6abc+ —_ 

b»-756+27 - 7$3). 


4 7 

42 100 


4 8: 
89 11 


37 0 


So, the fourth actual working dividend is 894-783*11 
^vide this again by 108 and put down 0 and 111 as Qi a 

W Our next gross dividend is jeo , 4 7 4 $ 5 

now 111 $. Subtract there- jog • ^2 100 89 IH ^ 

ffom3ac»+3b»c-m+l89 - - 

^ 7 1. Therefore 0 ur fifUi » 6:3 7 0 ^ _ 






Soon {General) 

,/5 0 ursi«l>Sf«s Jivi- JS 8 ; 4 

' Hcndis475. Sublract 
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dend is 475. Subtract (Q 8 
llicrtrrom3bc*(-44l) 

So, ouf Q« 
now are 0 and 34. 

/-) OUT last gross dividend is thus 343. Subtract o ( ^A^\ 
iherefrom and set down 0 and 0 as our Q, and R, ' ^ 

This means that ihe given number is a perfect cube, that the 
wcfk of exuaciing its cube root is over and that the cube root » 
637. 

MifTOof of the correctness of our answer is. of course, 
{cadily available in the shape of the fact that 637* is the given 
cumber. But this will be too crudely and cruelly laborious. 
Sufficient proof, however, is affordsd by the very fact that, on 
goiug into the decimal part of the answers, we find that all the 
quotients and all the remainders a/e zeroes. 

An lrtcompIet€ cube is now dealt with as a sample: 

Extract the cube root of 417 to 3 places of decimals. 

Here the divisor is 147. 

417. : 0 0 0 0 

147 : : 74 152 155 163 


7. 


2 ) Here Q| and Rg are 7 and 74 

S) .-.Theseeond grow dividend it 740. No su^^oo “ 
requited. Dividing 740 by 147, we get 4 and 152 as Q, 

e) third BTOas dividend is 

(-336) therefrom, we h«vell84asourthirf 

ingdividend. We divide it by 147and put down? and 

as our Q, and R,. ^ subtract 6 abc+ 

d) Our fourth gross dividend i» 15»- ^ fourth 

b* (-1176+64 -1240) therefrom, obm jl 1 

actual working dividend, divide 7 

and 163 as our Q 4 and Rj. ^ subtract 3 bc>+ 

e) Our next gross dividend « I®'*'' ^65 as out fifth 

3b.c (. 1029+336-1365) ther^™-so on. 
actual working dividend, divide i 7 
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Hole: The dlWsor should not be too small. Its ult/a^mau^ 
will give rrse to big quoiienU soiDetlmes of several di^u, the in* 
softciency of the remainden for the subtraeiiotis to be made and 
ocher such eompllcailons which will confuse the student’s mind. 

In the divisor actually happens to be too small, two sintpu 
devtcea are available for surmounting this dliBculty. 

(/) Take ihe first four or 5 or 6 digits as one group and extract 
the cube root. Far example, suppose we have to And out 
(he cube roor of IMd. 085. Our chart will then have to be 
frejoed thus: 

363 ; 1, 34d : 085 

: 1 331 ; 15 
II 

Let us now take ao actual concrete example and apply this 
method for extracting the cube root of 6334625; 

: 6334 : 6 2 5 

P72 : 5832 : 502 166 312 
; 18 ; 5 0 2.. . 

(u) Qi«18; R » 502; aod Divisor < D) - 972. 

(h) No subtraction beiDg needed at this point, divide 5026 by 
972 and put down 5 and 166 as Q| aod Ra. 

(e) Our third gross dividend (OD) is 1662; subtract 3ab* 
(-1350) from 1662, divide the resultant. Aaual dividend 
(AD), i.«» 312 by 972 and set down 0 and 312 as Qsand 9,y 
(<f) Our next OD is 3125. Subtract 6abc+b* (-0+125 = 125) 
from 3125, divide the AD (3000) by 972 and put down 2 
and 1056 as Q4 and R«; and so on. 

^r. Secondly, multiply E (the given expression) by 2*. 3*, 4* or 
S* etc., as found necessary and most convenient And the 
cube root aod then divide the CR by 2, 3, 4, 5 etc. For 
instance, instead of lakiog 3 as divisor, take 3x4 
(. 3x 64 -19;^. And the cube root and divide it by 4. 

Here again, a concrete example may be worked out by both 
Use methods: 




(a) Qi ■ 


0-frcAooM(Cc„,^, 
First Mmran 

I; Rj J: and D'-3 

3 : 


33t 



(«Now, GD AD-IO. Divicfcclby3,Uglv«2and 
and Ri‘ 


< as Q, 


(tf) The ihird GD is 40. From this subtract 3ab» f. i 2 i Aft., 
this subtraction, the AD is 28. Divide this tw 3 and om 
down 6 and 10 as Qj and ^ 

(*/) The fourth GD is lOa From this deduct 6tbc-^y f-72-L8 
-80). The AD is 20. ‘ ^ 

Now. as for dividing this 20 by 3, the directly apparent Qj and 
R,arc 6 and 2. But the actual quotient and remainder are difficult 
to determine because of the small n;ss of the divisor and the in* 
sufficieocy of the remainders for the next subtractions and a good 
number of trial digits may fbil before oik can arrive at the correct 
figures] This is why the other method is to be preferred in such 
case& And thert the working will be as follows: 


Multiplying 2 by S', 
we get 250. 


250 


108 


0 0 0 
34 124 196 332 


(a) Qj and Rj - 6 and 34 

Of) Et - 340. Dividing this by 108, we have Q, - 2 and R, -124. 

(«) 3ab* -72. Deducting this from 1240, we ge, 1168. DiMdiog 

thisby 108,0,-9 and Ri-196 

iM4> uj •>, VI WorkiM Dividend 

(d)6abc-fb»-648+8-656 .. w^have Q 4-9 

-1960- 656=1304. Dividing this by 108. we na 

and R*=332 The CR-6299- 

A Dividingby 5. the actual cube wt - 

(2) Let US take another ^ 

concrete example, i .e. 363 ^ 

3Vf2. We multiply J-^ 

12 by 5* and pul And we iak« 

1500 down as the total divideod* 

digits as one group. 
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Vettic 


IW by 3^. wc have Q, « 4 and R,- 238 
tlub^JlZ :• WorWni Dmdend = 23W^523.i,52 
. Dividing it by 3di. vrt have Q,-4 and R^400 
^./)fabc+b*-1056+64-1120. Deducting U«8 from 4000 
^ «rt^2880. Dividing this by 363, Q, -7 and R -339 
• The CR-11-447 etc. 

\ The cajbe root of the original E = 1289 ... 

Some more examples may be taken: 


^1) (j) E- 1728; Qi “ 1* 
D»3:a&d R|“0 


3 : 


7 2 8 
0 1 0 

~2 .0 0 


13 : 8 2 4 
: 5 10 6 


(exact cube) 

(b) 7 diWded by 3 gives 2 and 1 as Q| and R| 

(e) Third Gross Dividend -12; 3ab* -12;.% Actual dividend 
*0 /. Q,“0and R,-0 

(d) Fourth gross dividend •• 8; 6abc+b**0+8»8 /. Sub* 
tractiag the la rter fmm the foimer, Q« « 0 and R ^ * 0 

TlieCR-12 

N.B. i The ob\*jous second proof speaks for itself. 

(2) (a) Here £-13824; 

Q,-2;andRj = 5 12 

D-12 ! 2 : 4.0~ 

^ (Perfectcube) 

(6) ti give* Qg «4; and R, -10 

(e) Gross Dividend = 102; 3ab* = 96. 

Actual dividend-6. Divided by 12, this gives 0.-0 
and Rg»6 

(rf)GD-M; 6abc+b»-0+64 .-.A.D-O • Q.-O snd 

.-.•nteCRisM. 

27 : : 6 6 4 2 0 0_ 

: 3 : 2 10 00 


(»)GD«ad. 

R, 


cn.r,,. rcompleteeube)- 

M>.Div.dedhy27,tius8ives2&6 as Q. 
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/f)GD isnow67; 3ab*-^36 A.D-31 

this gives us 1 and 4 as Q^and R,. ^ fey 27, 

OD is-46; 6abg-hb^ -36 + 8-44 - An -> x ^ 
by 27, this gives 0 and 2 as and R*. * 

(e)GD is 2); 3acH-3b^c-Hl2-21 • ad o ^ 

divided by 27, this gives 0 and 0 as Q, and Rj ’ 

(/)CDis6;3bc»=6 /.AD-O. And, divided by 27 this 
gives us 0 and 0 as Q, and R,. ^ 

(^) OD -1; e -1; AD - 0. Divided by 27, this gives us 0 and 
0 as Q, and R, 77^ Cj^ 32j. 

S.B ': The second proof is clearly there before us.l ^ 

[4) £»101 lOl : 0 0 0 0 

48 ^ : 37 82 146 112 40 

(«)Qi-4; Ri-37; and D-48 ; 4. : 6 3 9 i 

{b) GD w AD - 370; and, divided by 48, this gives us 6 and 82 
as Qt and R| 

(c) GD -820; 3ab> -432 /. AD-388- and, divided by 48, 
tius gives us 5 and 148 as Qj and Rj 

(4) GD-1480; and 68bc+b»=720 +216 = 936; 

/, AD - 544. And this, divided by 48, ^ves us 9 and U2 

asQiandHt 

(e) OD-1120; and 3ac*+3b*c-300+540 =840 

.% AD -280. And, divided by 48, this gives us 5 and 40 
asQi and R*; and so on. 

(5) E-2979I ^ _ 

(а) Here Qj=3; and Rx -2; and D - 27 

(б) GD-AD-27; and, divided by 

27, this gives us 1 and 0 as Q* TTTTo 

(complete caW 

(c)GD = 9; and 3ab*=9; + AD-0, and divided by 

gives us 0 and 0 as Qa 
Mi0.:Thc proof is there before «« ' 

(fe) The given expression (E) - 
(«)Qx**4;Ri -19; and D •48. 


7 9 1 
20 




Vcac Matncmancs 




(&)GD=AD-I94. : : 4 5 3 4 . 

And, divided by 48 : r 19 50 61 82 ^7 ^ 

48. this gives w i~ 4 : 3 7. Op 

3 and 50 as Q« and Rj '— 

(c) GD - 505: and iab« -108 A AD - 397. And, dividt^j ^ 

48. this gives us 7 and 61 as Qj and Rj ^ 

(d) GD « 613; and 6abc4b»-504+27-531 A AD - 82. And 
divided by 48, this gives US 0 and 82 as Q* & R, 

(f) GD-824;and 3ac*+3b*c-588 + J$9-777 /. AD .47 
And this, divided by 48, gives us 0 and 47 as & R, 

(/)GD-3bc*-475-441-34. A Q,-0andR,^34 

(g) GD - 343; and c* -343 A AD -0 A Q, •» R, *0 

A The CR is 437. 

MB.: The proof is there ns usuaj. 

(7)E-84. 604, 519 

{a)Qi-4; 84 ; 6 0 4 5 1 9 

D-48; 48; ; 20 62 80 129 80 72 

andR|-20 ; 4 ; 3 9.0 0 Ofpeifwt eube) 

(6) GD AD— 206. And, divided by 48, this gives u$ 3 end 
62 as Qi and R^ 

(e) GD » 620 ; and 3ab>»108 A AD » 512. And. divided by 
48. this gives us 9 and 80 as and R, 

(d) GD-804; and 6abc+b* = 648+27 - 675 A AD-129. 
And. divided by 48. this gives us 0 and ]29asQ4& Rj 

(e) GD-J295;and3ac>+3b*c-972+243-.l2l5 A AD-Sa 

And, divided by 48. this gives us 0 and 80 as Q| and 

(/)OD-80l:and3bc»-729 A AD-72. Aod» divided by 

48. this gives us 0 and 72 as and R, 

(g)GD-729;andC»-729 A AD-0 / Q,-0andRt-0 
A The CR i s 439 
JV.B.; The proof is there as usual. 


(8)E-105, 823.817 


WQi-4; 

R,-41; 
and 48 


8 2 3 8 1 7 

41 82 90 56 19 2 
7 3. 0^ 0 (cdmplet? cube) 
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divided by 48 ,k[, - 

^ 82 as Qe ^ « ? and 

..\GD-822: and 3ab*-5S8 • 

^ 4$, this gives us 3 and 90 as Q, and R by 

(d)0D-903; and 6abc-fb».5044-34Ls47 - An « 
And. divided by 48, this givi» us aroand 56 aVo A R^‘ 
(f)GD-568; and Jac*-f3b*c-I08+44U549 -^0^9 
And divided by 48, this gives us zero and 19 as O & R ’ 
(/) GD -191; and 3bc*-189.% AD -2; and. djvidi by 48 
this gives us zero and 2 as Q* and R, 

(l) OD-27;andC>-27 AD-0 0,=OandR,s.O 
• The CR-473 


R.B.: The proof is there as usual. 

(9)E-143.055,667 143 : 

75 : 


0 $ 5667 

18 30 20 17 5 2 


; 5 : 2 3.0 0 0 (eua cube) 


(а) Q,-5: Rj- 18:and D-75 

(б) OD - AD -180; and, divided by 75, ibis gives us 2 and 30 
as Q| and R^ 

(e)GD-305;and3ab*-60 AD-245; and, divided by 

75, this gives us 3 and 20 as Qi and R, 

(d) GD-205;and 6abc-rb*-180-1-8-18$ /. AD-17. And, 
divided by 75, iWs gives us 0 and 17 as Q* and R< 

(e) GD-l76; and 3ac‘+3b^J-133+36=171 AD-5. 

And, divided by 75, this gives 0 and 5 as Q* a^ R^. 

(/)GD-56:and3bc'=54.-. AD=2; and. d.v.ded by 7J, 

this gives 0 and 2 as Q* and R«. ^ ab n 

tt)GD.27;andc»-27 A AD-0 Q,-0»n<' R.-O 
The CR ii 523 


: The proof is there as usual. 

(10)E»248.858, 189. :® * 

108 : 


. . 8 I 8 » 
■ 32 112 81 152 55 72 


(■>)Q.-6;R.-32;»ndD-l08 ,hisgive*us 2 and 

»)OD-.AD-328. And. divided by 108.1"' 6- 


112 as nnd Rg 



336 


I'cr/ic Afolhcmaiics 


WGD n:5;.iml 3ab=^ 72.-. AD .msJiand div 

lOh. ihis gives us 9.ind II as Q, and R^. ’ 

{<^)CO 818: and 6flbc-fb’ ‘648-}-8 .656 » 

And, divided l>y 108, this gives 0 and 162 as Q and ft 

(<’) 00^1621; and 3ac*-3b*c - 1458 1-108 ^1566 • An 

55. And, divided by 108, this gives us 0 and 55 as 'o 
ky ^ *’*« 

(/)GD*558;and3bcS-7 4i6 AD-72: and, divided b* 

108, this gives us 0 and 72 and Q, and R, ^ 

(g)GD-729;andc»-729 :. AD- 0 ;Q,- 0 andR ,.0 

A The CR is 620 


N.B.: The proof is there as usual. 

(11)11.345, 123. 223 

The cube root in this case being of four digits, the 
method obuined from the expansion of (a+b+c) will namrally 
not suffice for this purpose: and we shall have to cjpand 
(a+b+c+d)* and vary the above procedure in accordance there* 
with. This is. of course, perfectly reasonable- 


The Schedule of Drerrs 

The analytical digit-schedule for (a+b-rOrd)* now stands as 
follows: 

(a) First digit (9 zeros) •• a^_ 

(&) Second digit ($ zeros) -3a^b— 

(e) Third digit (7 zeros) = 3ab*+3a*c 

(d) Fourth digit (6 zeros) •»6abc-hb*'t-34’d 

(e) FiAh digit (5 zeros)-6abd-h3ac*+3b*c— 

(/) Sixth digit (4 zeros) = 6acd+3bc*-h3bM— 

(g) Seventh digit (3 zeros) -6bcd-f-3ad«-j-c*— 

(A) Eighth digit (2 zeros) -3bd*-f 3c*d— 

if) Ninth digit (1 zero) -.3cd'_ 

(/) Tenth digit (no zero)-d* 


CONSCQUGNT SUBTRACTIONS 

(1) Q| and Rj by mere inspcciioi. 

(2) Q, and R| by simple division without any subtraction whai- 
soever. 

(3) From all the other gross dividends, subtract; 
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(3) 3aba 

(4) 6abc+b* 

(3) 6abd+3ac*H-3b*c 

(6) 6acd+3bc*+3b*d 

(7) 6bcd-|-3«d**f 

(5) 3bd*+3c=d 

(9) 3cd5 

(10) d» 

respectively, in order to obtain the actual working dividend and 
thence deduce the required Q and R. 

Noi^: It will be noted that, just as the equating of d to zero in 
(a+b-fc+d)» will automatically give us (a+b+c)' exactly so 
will the substitution of zero for din the above schedule give us 
the necessary schedule for the three-digit cube root. 

As we go higher and higher up with the number of digits in 
the cube root, the same process will be found at work. In other 
words, there i< a general formula for a terms n being any positive 
integer; and all these are only special applications ofthatformula 
with n equal ro 2. 3,4 and so on. Wc shall take up and explain 
this general form of the formula at a later stage in the student's 
progress. 

In the meantime, just now, we explain the application of the 
(a+b'}-c>rd)’ schedule to the preient case. 

APPUCATtOX TO TKB l^teSEMT CASE 

11 :345123223 
12 : : 3 9 22 37 59 76 69 62 34 

:2 : 2 4 7. 0 0 0 0 (exact cube) 

(ff) Qi« 2; Ri - 3; and Divisor is 12 

(6) GD-AD-33. Dividing this by 12, wc get Qj-2 and 

(c) OD-94; and 3ab»-24. AD-70 .\Q,-4 and R3-22 

(d) GD-225; and 6obc-fb»-96+8-104; A AD-121 
A Q<=7 and R,^37 

(e) GD-37l; and 6abd-+-3ac^-t-3b*c-168+961-48-312. 
A AD-50 A Qj-Oand Rj-59. 
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m CD ^592; and 6acdH-3bc’+3b«d«33$ 

D**76/. and R,-76. '*5*6 

MOD-763; and 6bcd+3ad»+c«-336+294-Ku , 
AD - 69 A Q, -0 and Rr=69 
(A) OD - 692; and 3MH 3c*d - 294+336 - 630 ad 

A Q,-Oand Rb = 62 ^ 

(0 GD-622;and3cd*=388 A AD-34 Q,*0 and n 

-34 

(J) eD-343;andd*-343 A AD-O/. Q„-0 and R_o 
A The cube root is 2247 

jV.A:T1ie ocular proof is there, as usual. This is the usual 
procedure. There are certain devices, however, which can h^ 
us to overcome all such difficulties; and, if and when a sim^e 
device is available and can serve our purpose, it is desirable for 
us to adopt it and minimise the mere mechaiucal labour involv* 
ed and not resort to the ocher ultra •laborious method. 

The devices are therefore explained hereunder: 

TKB hlRST DeviCB 

The first device is one which we have already made use of, 
namely, the reckoning up of the first 4,5 or 6 digits as a greep 
by iiiclf. Thus, in this particular case: 

: n, 345 : 1 2 3 2 2 3 

1452 : 10 648 : 697 1163 412 363 62 34 


22 


4 7. 


0 0 0 (complete cube) 


Qi (by the same process) is the double-digit number 22 ; 
Ri - 697; and D = 1452 

*>y '*‘52, this pves w < 

and 1163 as Q, and R, 

^*>’ = 1056AD -10576; and. divided 
//ft « 7 and 412 as Q, and R, 

‘'“'>'+'»*-3696+64 - 3760 AD-363; 
M rn ' ^ 8JVCS us 0 and 363 as 

62?a;Sii*A^’+^'>^-3234+336 - 3570 /. AD- 
“roa^i “M"-- M52. this giv« >“ 



Cube RiMiis (Gencfai) 33 ^ 

34 ^' S» Q.--0 and 

{s)GD-.343:aruje»-343 .-. AD-0.-. Q,-Oand R,-0 
The CR. =2247 

N.O.: (1) And the proof inhere before us, as usua*. 

(2) By tliis device, we avoid the complication caused by ahift- 
iasfrom(a+b+c)»to(d+b+c4dy>.lt, however, suffers from 
the drawback that wt have fim to find the double-digit Q, cube 
il and subtract it from the first five-digit ponionof the dividend 
and that aU the four cperaijons are of big nombers. 


ScgomdDevics 

Tlus il one 10 which we do not magoiry the first group of 
di^ts but substitute (c+d) fore all through and thus have the 
same (a-bb-fc)^ procedure available to us. But, after all, it is 
only a slight alteration ^the fini device, whereby, instead of a 
two^i^t quotieni'ttem at the eommeneemenl. we will be having 
exactly the same thiog at the eod. 

/ The real desideratum is a formula which b applicable not only 
to two*dtgil. thfee*djgit. or four-digit cube roots ^but one which 
will be automatically and universally applicaUe. But we shall go 
iKo this at a later stage of the student's progres. 

In the meantime, a few more illustrative iosiances are given 
hereunder for further elucidation of—or at least, the* student's 
practice in, the methods hereiciabove explained: 

(I)E-I2, 27fi. 428, 443- 

Here too we may follow the full procedure or first ascertain 
the first two-digit portion of the cutw root of 12. 278. treat the 
whole five-digit group as one pacbet and extract the cube root of 
the whole given expression in the usual way. The procedure will 
then be as follows: 

(/) SingU-d/gU method: 

12:27 8 42 8 443 
12 : : 4 6 13 27 22 33 44 3 34 

: 2 : 3 0 7,^ OO P (pe^c ube) 

(fl) Qi-2; Rx ••d; and D-13 
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(b) GD- AD - 42 0,-3 and R, $ 

(c) GD = 67:and 3at)*-54: AD = 13 Q,-o»„dB 

(d) GD-l38;and6abc-|-b»-0+27.27 

-7and R,=27 •• Q* 

(e) GD-274; and 5abd+3ac«+3b»Ci.252+04.o 

AD =22 Q,-C and R, =22 
(/)GD-222;and6acd+3bc*+3b*d-0+0+189/ At> u 
/. Q,=OandR,=33 ^ 

(g)GD-338; and 6bcd+3ad*^-c^=0^-294•f0-294 • ad 

“44 Apt-0andR;=44 

(A)GD-444; and 3fed*+3c*d=441+0 =441 a AD.j 
A Qt=0 and R,-3 

(0 GD=34; and 3cd*=0 A AD—34 Q,-Oand R|=M 

C0GD = 343;andd»-343 A AD-0. Q„ - 0andRi,-5 
A The CR-2307 

bf.S. : The proof U before us, as usual 

(if) Two-Digit method: 

Preliminary Work : 12 : 278 

12 : r 4 

: 2 : 3... 

A Qi (of two digits) is 23; 

12278 : 4 2 $ 4 4 3 

1587 : 13167 r HI 1114 33 338 3 34 

: 23 r"0 0 0 0 0 

(a) Qj (of two digits) - 23; R^ -111; and D -1587 
(^)GD=AD=ni4 A Q,-0;and R,-.J1I4 
(c)GD-11142; and 3ab*=0 A AD=11142 a Qi=7 & 
R,-33 

(4)00-338; and 6abc+b*=0 A AD-338 a Qt-O & 

R4-338 

(e) GO-3384; and 3ac*+3b»c-3381+0-3381 AADr3 
A Qs-0aQdR, = 3 

C/)GD = 34;and3bc«-C A AD-34 A Q,“0&R4 = 34 
(8)OD-343;andd» = 343 AAD- 0 , Q,-. 08 DdRr -0 
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/. The CR is 2^07 

F.: Th^' l'"^‘ore u$. as us jal. 

^£„-p. ^:S..‘02. 277, 

\i) FiV'***'**'^^* 

^■'6 : 9 2 S 3 0 2 2 7 7 

tS : : 12 33 -M 56 59 44 29 n 2 

: 4 : 2 5 3. 0 0 0 0(E,aoguls) 

{c) Q.--;;Ri- l^atv<i D-4S 

^b) GD - AD -129 /. Q- -2 aad Rj-33 

GD -352; and 33b--4S .% AD-2S4 .\ Q«-5& R,-44 
(fl)GD-448; & 6abc-b’-240-r8-248 AD-200 

,*, Q;—3and R^-fd 

(c)GD-563; & 6abd-f 33c«-5-3b*c-I44+3(XI4'60-J04 
AD-59 A Q,-0atidRj-59 
{/)GD-590; & 6acd -r 3bc-H-3b*d-360+l50-f3d-54fi 
A AD-44; A Q,-0atid R«-44 
(^)GD—442; and 6bcd-r 3ad*-f^**lS0-i-103-!-125“413 
AD-29;.-. Q,-0andR,-29 
(ft)GD-292: and 3bd*-r3cM=544-225-279 AD-t3 
A Qt=0aiidR$-13 ^ j 

(OGD-137; and 3cd--135 /. AD-2 /. Q«-0 and 

0-)GD-27:aBdd>-27 AD-0 Q„-0afidR.,-0 
TheCR-4253 
KS.: Proof as usual 


{If) DoubMigit method: 

or, secondly, 

Qi (double-digit) 


: 76 : 9 

: : 12 33 

nTT^ 

TTT^ 


—:::—r"7Tao o__ 


542 
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(b) GD-- AD-25403 .% Qj-5;and R5 = 1943 
(0 GD • 19430; and .W **3150 /. AD - (6280 
Qj ? and Rj " 404 

{.0 CD -4042: and 6abc-fb> = 3780-1-125-3905 . 

Q,-0andR4-I37 -AD. 137 

(f) GD -1372; and 3ac'-}-3b*c = 1134^225-1359 • at^ , 
/. Qj-0 and R*-13 ^ 

(/)GD-137:and3bc2-135 A AD-2/. Qe-Oand r... 

tt)GD-27;andc»-27/. AD-0;Q,-OandR,.o 

A The CR i» 4253 
.V^.; Exactly as above. 

(3) £-355,045.3)2, 441 

(0 SirsIe^Digit j>ittho<i. 

355 : 0 4 5 3 1 2 4 4 1 

147 : : 12 120 28 I3S 39 55 19 2 0 

; 7 ; 0 S 1 .0 

{fl)Qi-7;Ri-12;and D-147 

(b) OD - AD -120; /. Q. - 0 and Rj = 120 

(c) GD-1204; and 3ab*-0 AD-1204 Q»-8 & 

R, = 2S 

(d) GD-2S5; and 6abcH-b*-0 /. AD-285; Q*-! and 
R4^13S 

(c) GD-13S3 and dabdJ.3ac*+3b2c- 0 - 5 -1344-^0-134+ 
/. AD-39 .% Qs-Oand R 4-39 
(/) GD- 391; and dacd+3bc-4-3b*d -336+0+0-336 
/. AD - 55.*. -0 and R. -55 

(?)GD-552; and 6bcd+3ad*+c*- 0 + 21 + 512 - 533 
AD-19/. Q,-0andR,-19 
(^)GD-194; and 3bdH3c^d-0+192-192/. AD-2 
A Qs-0 andR,-2 

CO GD-24: and 3cd2-24/. AD- 0 ; Q-Oand R-^ 
OlQD-l^andd*-] /. AD-0, Q-Oand R-0 

/, The CR is 7081 

: As above. ~ 





\~uoc Roots 

(ii) Doubic-dfgii method • 

: 355045 : 3 ' . 

H700 : 343000 : 12045 2853 39 , ^ 

: 70 ! 


343 


(c) Q, (or 2 digits) -70; R, -12045^^^0^;;^; 
(6)GD-AD-120453: Q.-8aadR.-a53 

(<)GD-404; & 3ac*+3b*c - 210+192*402 • AD-2 
.% Q#“0dn<l Rj-2 

(/)GD-24;and 3bc*-24 /. AD-0 /. Q^-Oand R^-O 
(^) GD -1; and 1 /. AD-0 /. Q,*0 and R,-0 

/. TlwCRiiTOSl 
}f.B.: As above. 

(4) £-792,994,249, 216 

(0 Single-Digit method'. 

792 : 9 9 4 2 4 9 2 1 6 

243 : : 63 153 216 158 199 152 72 56 21 


: 9 


5 6 .0 0 00 


(а) Q,-9;R,-63:andD-243 

(б) GD=.AD = 639/.Q,-2:andR,-153 

(c)GD-1539;and3ab*-10g AD-1431 Z. Q,-S “d 

(rflGD-2164; & 6abc+b>-540+B-54S AD-161S 

•'• Q<“*S®nd R.—158 «*j.675+60-l383 

(4)CD-1582;and 6abd+3ac'+3b‘e-648+ 6 + 

.•.AD-199.-. Q,=0andR»-IW _ , ,jo+72-1842 
(y)GD-1994:and 6acd+3be*+3'>^'‘“®+ 

.•.AD-1S2.-. Q,-0andR.-l5Z ^,572+125-1457 
(8)QD-I529; & 6bcd + Jad'+c’-360+ 

.•.AD^72.-.Q,-0an^-« ^ ... AD-56 

W)CD«722; & 3bd*+3c*d-2je+w 
**• Qg—OandRj —56 
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(/) GD-56I;orKf 3cd*«-540 /. AD*i2| 

(j)CD“2l6; anil d»=2I6 /, AD-0 


R„«0 


•• Q<-o 
Qj.^0 


/. The CR" 9256 




N.£.: As above. 


792 


243 


9 

63 153 


Doudlc-D lOiT Method 

/. Qi (of two digits) ij 92 

92»-778688.AndD4% 


792994 : 2 ^ 9 2 I e 

25392 : 778688 j 14306 16102 1772 1044 56 2l 


92 


6 0 0 0 0 0 


(«) Qi-92; and Ri-14306 

(6) CD-AD-* 143062 A 0,-5: and R,« 16102 

(e)GD«161024;and3ab*-=6900 A AD=154124 • n 

and R,-1772 - 0. 

(dJGD-17729; and 6abc+b*-16560+125 = 16685 
A AD-1044 A Q4-0and K^^1044 
(OGD-10442; and 3ac*+3b*c-9936+450 = 10386 
A AD-56 A Qi-OaodRj-Sd 
(/)GD-56I;ard3bc«-‘40 A AD-21 a Q.= 0& 11.-21 
(^)00-216;andc*-216 A AD-0 A Q,-OacdR,-0 

A The CR is 9256 
N. B.: As above. ^ ’ 

: It must be admitted that, although the double-dipt 
use, the{a+b+c)» sctedule and avoids t]ie(a+b+c+d)' 
traa-^ “ "«essitates the division, multiplication aod sut- 
mis«^ T ■* ““'I '■* “> 

« the given number iw®; 
Sm « r" divisible by 8 ^ 

which has alreaH^'wi’ 

explained in the immediately P««^« 
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chtpier. namely* divide out by S and iu power* and tim duniDjah 
the magnitude of ihe given aunbcr. We now briefly reauiid the 
student of that method* 


TKUtDMSTHOD 



9:7 9 1 

994 

249 

216 


8:99 

124 

281 

T5 


8 ; 12 

390 

535 

144 


1, 

548, 

. 816. 

wT 

: ] 

: 5 4 8 

8 

1 

6 8 9 3 

3 : 

: 0 2 6 

16 

36 55 

74 76 34 

TT 

15 7 

0 

0 0 

1 0 

<9^1 

-laod-Rj-O 





(h)GD-AD»0S Qa-1 andR,-2 
(tf)OD-24jaiid3ab*-.3.*. AD=2l Q,-5aiid R^-d 

(d) GD»d8ianddabc+b‘-30+J-31 AD-57.*. Q<-7: 
&adR«»I6 

(e) OD-ld6; and 6abd-h3ac*+5b>b-42+7S-|-15-152 

AD-3d.*. Qi-QandR»-3d 
CO GD -3dl; and «aod+3bc*+3b*d -210+75+21=306 
.% AD-55.*. 0,-0 and R#-55 
(g)OD-5S6; and 6bcd+3ad>+c‘-210+147+] 25-4fl2 
AD-74.*. Q,-0andR,-74 

(A)GD-74Siaiid 3bd*+3c*d=H7+525-672 .*. AD-76 
Q,-0 8iidR,-76 

(0 GD-7»;aod3cd»-735 AD-34 Q,-0; and 

R^*34 

0) GD-343; and d«-343 ,% AD-0 O«-0; and 

Rm=0 

TTieCR. (of the sub-multiple)-US7 
.*. The C.R. of the given number=5256 
Or. Fourthly, the derived *ub<fnul(ip)e may be dealt with 
(by the twchdigit OKthod) thutr 

1548 : 8 1 6 8 9 3 

363 : 1331 :217 363 265 221 76 34 


; 11 : 5 7 0 0 0 





Ri-2l7;andD ’3(53 

(^) GD -«AD-2178 /. Q* ^5 and ^ 3(53 

(f) GD*-3631; and 3ab- ^825 /. AD ***2806 • n 

Ra-265 *• ^ 

(rf) GD^ 2656; and 6abc+b^« 2310-M 25-2435 • ad 

A Q4*-0and R4^22I 

(c) GD-2218; and 3ac*-|-3b*c-1617+525**2142 * AD 7 ft 

A Q5-0andRs-76 " 

(/)GD-769; and 3bc*-735 /. AD-34 .% q.^q t 

R,-34 

(g) GD-343; and c®-343 A AD-0/. Q^-OandR^-a 

A The cube root of the sub-multiple is 1157 
A The CR of the original number—9256 

N. B ,: As above. 

(5) E« : 2, 840, 362, 499, 528 
8 : 

1 355, 045, 312, 4477 

355 : 0 4 

147 ; : 12 120 

~~T~: 0 rr 

Tlus very nuniber having already been dealt with in example 3 
)fthis very series, in tlus very portion of this subject, wc need 
tot work it all out again. Suffice it to say that, because, 7081 it 
he cube root of this derived sub-multiple. 

/, The C.R. of the original number is 14162 

Note : All these methods, however, fall in one way or another, 
ihort ot the Vedic ideal of ease and simplicity. And the general 
'ormula which is simultaneously applicable to all cases and free 
Vomall flaws is yet ahead. But we shall go into these matters 
ater. 




^ty-seven- ^ ^ 

Pythagoras’ Theorem etc. 


McifTiKincnsal Research has re^-caled—and ah the modem 
c: mathematics have placed on record the historical 
far. that the so^alled “P>-thogor«* Theorem*’ was hnoft-nto the 
aiciert Irciass long long before the time of Pjihagoras and that, 
jar. as alioagh the Arabs laL'odoced the Indian S)stem of 
temerals into the Western worH and distinctly spoke of them as 
cumeral 5 » yet, the European importers thereof tin- 

discerningly dubbed them as the Arabic numerals and i^y are 

still described cvervTvhere under that designation; similarly 
exactly it has happened that, although Pythagoras introduced bs 

dieorcm to the Western mathematical and scientific world long 

longafterwards, yet that Theorem continues to be known as 

Pythagoras* Theorem! ... -p 

Tds theorem is coastaatly ’in requis.Mo 
practice] mathematical work and is 
precticalJy the real fotuK^atiODal pre-t^u>S'“ 


spherical, Analytical Conics, Applied’ 

^d various other branches of mathem » fuodamcnul 

^rtjthcproof of such a .Aiircesko®^*® 


‘rtjthcproof of such a basicauy imp sources 
tbeorem as presented, straight from the ea ^^^ed by the 
t^entifio world, by Euclid etc., and «sW 
eminent modern -unjbrousness rtc.,an 

5 ^torious for its tedious length, i« clumsy 

the time and toil entailed on it t . of which is 

‘^Tt are several Vedic proofs, every « l,^[ow: 

^•^Phr thanPnclids’ dc. A few of tfie.oar. 



VeJk Miilhiwailcs 



Fjrst Proof 




11 ere. the square A£ tlic square Kn 
the four congruent right-angled iri-ui^u 
all arimnd it. 

Thcjparcasarc c* (b-a)^ and 4x1,^ 
respectively. 

:.c' - a=- 2ab-|-bH4(iab)-a»-j-bi 
Q.E.D 

Second Proof 
Cofisirue/icn 

CD-AB=m; and DE=BC-n. /, ABC 
and CDE are Congruent; and ACE a 
right-angled Isosceles. N<m, the trapezhun 
ABDE-ABC-fCDE+ACE /. Jmn-f-lh* 
-I- Jmn - i (m-i-n) x (m+iO ^ 1 m* -|- mn + 


N-B-; Here wc have utilised the proposition tlut the area of 
rapezium -1 the altitude x the sum of the paratlcl sides. 



Third Proof 

Here.AE-BF-CG-DH -111 andEB- 
FC=GD-HA-ii 
Now, the square AC*the square 
EG-{-the 4 congruent right-angled 
triangles around it h*-f4 (inui) 
•*(m-fn)*^m*4-2inn-f n* .%**•»*+"* 
Q.E.D. 


Fovrto Proof 

The proposition to be used here is that the areas of 
triangles arc proportional to the squares on the homologow 
sides. Here, BD is to AC 

Thee triangles ABC, ABD 
BCA are similar. 

As between (1) the first two tria|^ 
les and (2) the first and third 



Pylhasora,‘ 

AB- ADB np, ^ 

and ^ _ BCD 


ADB 

KO ASC • 

.. Dy addition, ^ ^ 

“ss? 
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. aB* I-BC-«AC* q.e.d. 


-1 


I^irrH Proof 

fi^rEenai. from PyUrngonis-Theorem, 

objectionable to the modem matt^matician. But. as the Vedi! 
Siitm, establish their Conics and Co-irdinate GeometrJiLi evm 
Uieir Calculus, at a very early stage, on the basis of first prin- 
optes and not from Pythagoras’ Theorem (sic), no such obje^on 
can hold good in this cose. 


The proposition is the one which 
gives us the distance between twopoinis 
whose co-ordinates have been given* 
Let the points be A and B and let their 
co-ordinates be (a, 0) and (0, b) res¬ 
pectively. 

Then,BA-v'(a-0)“+(0-b)«= 
Va'+b* .•• BA*-a*+b'Q.E.D. 
/fete: The Apollonius’ Theorem, Ptolemy’s Theorem and a 
'"Ml lot of other Theorems are similarly easy to solve with the 
*id of the Vedk Sulras. We shall not, however, go into an eU^ 
nte description thereof except of the Apollonius’ Theorem Just 
but shall reserve them for a higher sUge in the students 
‘hKlies. 




TlltKTY-niGHT 


Apollonius’ Theorem 



Apftllonius’ Theorem (J/c) is practically a dirtet . 
corollary or offshoot from Pythagoras' Theorem ^ 

tnfS needless length and laboriousr.es. 

The usual proof is well-known and need not be reiterated here. 
We need only point out the Vcdic method and leave it to the 
discerning reader to do all the contrasting for himself. And, after 
ally that is the best way. Isn't it? 

Wei I, ia any triaagle ABC, IT D be the 
mid-point of BC, then AB’-kAC*- 
2 (AD*-|'BD‘)* Hue is the propo^dofi 
which goes by the name of Apollonius' 
Theorem and has now to be proved by 
us by a far simpler and easier method 
than the one employed by him. 

Let AO be the perpendicular from A 
onBC;let XOX'and YOV' be the axes of co-ordinates; sod 
let BO, OD and OA be m, n and p respectively, 
f. DB-DC=m+ii 

/. AB«+AC»-(p*+inO+(m*+4mD-f4D*+p*) 

•» 2p*-f 2m*+4mn+4n* 

2 (AD*+BD*)-2[Cp»4“n*)+(mH2inii+n ;j 

-2p*-|-2m*+4mn+4n* 

^ AB»-hAC*» 2 (AD*+I)B*) of Apollonius* 

iVoi(?: Wc faintly remember to have read P . ^ ^ Lono^; 

on these lines in some publication by means 

arc not sure. However that My be, ^^cox 
Co-ordjnaic Geometry was ia the Vedic.^^^^’ 

^^licians and specifically finds its pUcei 




tj ^TY-NINE 

Analytical Conics 



Asalyticil Coaics is a very imponaat braoch of maOitmatica] 
^dyand has a <}irect bearing on practical work in various 
brtccbes of mathematics. It U in the fitness of things, therefore* 
that Artalstical Conics should find an important and predomistar* 
is| position for itself in the Vedic system of mathematics as it 
acmally does. 

A few instances relating to certain very necessary and very 
iaportant points connected Analytical Conics are therefore 
liven hereunder merely by way. of illustration* 


I. EQUATION TO THE STRAIGHT LiSE 
ForfindiBg the Equation of the straight line passing through 
two pointt whose co-ordinates are ^ven: 
say. (9.17) and (7. -2). 

The current method tells us to work as foUows: 

Take the general equation y - mx-hc. 

Substituting the above values therein, 

wehave:9m-fc-17;and7m+c- 

Sohinf this simuluncous equation in « 

9mic-17 
7mTC= —2 


2m* 19 

-- •.h.roftheabcvctwo equations 

JbsHtmingihisv'alueofm.ne>t^ nf 

?have, 66|-f-c--2 • ... we get 

and 


h.ve.66|;;-2.-. we ge 

and c in the Original GencfA^ 2y^l9x“!37 

•91x^68}. Removing fractions. ^^^_2y-l37. But this 
then, by ifansporition* ^7' 
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n,ctl.od is dccWcd/y too lorg nod cumbrous and «pcci,|,,f^ 

Method itses rtc ro,,^^ 

y_y, . a^(x-xi)is equally cumbrous and conf^i.g^ 

II uKimAicly amounts to thciight thing; built docs not make h 
W«jrand requires several more steps of workingl 
But tJu5 Vcdic at’Sigfff. one fine, mental method by the 

SBtra enables us to write the answer mechanically da>/ii 
by a mere casual look at the given co-ordinates. And it is as 
foUows: 

The General Equation CO the straight line in its hoal form a 

. ,x _y . where the co-eUkients of x and y on the left hand 

side and the independent on the right hand side have to be filled 
in. The Sutra tells us to do this very simply by: 

(0 putting the difTerccce of the y•co-ordinates as the x<o- 
efflcienr and ?/ee versa; and 
(//) evahiating the independent tenn on that basis. 


For example, in the above example^ the co-ordinates are; (9,17) 
and (7.-2). 

(0 so our x-coeflkient is 17- (- 2) • 19 
(«) and our y<oe/Rdent 18 9-7*2. 

Thus we have I9x -2y as our L.H.S. straighuway. 

</«) As for the absohjtc term on the R.H.S., as the straight line 
ID question passes through the two given points, the substi* 
tutionofthe origina] co-ordinate* of each of the poimi 
must give us the independent term. 

So. the substitution of the values 9 and 17in the L.H.S. oftht 
equation gives us 19x 9- 2x17= 171-34-1371 

-JllSS-rivfrf e*' 

verification! ** additional confirmation and 

can ^bUiVih^nde^oe^^^ method by which wj 

^helporiterui^ R.H.S. And this is wii^ 

j*c. the product y!n*k and Modhyam, l.e.bc- 

ircmcs! So we ha .1!^ means minus the product of the ex* 

'■““'""Cizj A»-« 

«onfimiaiion and verificaijonl 
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isi — Hx- ?v = 117 ^ . 

by the cite mS‘I;,Vh™ 
s---.’.;-.----» c^uaiioiis irampcvsitions and subslilinio?. 

'-■if'thfw^'rkinvoKedinthcVcdicmclhod ha? betn 
sitfipk^rA easy'. 

A ^.vrcinswuccs circ given below: 

7^ and (-7, 2) 

.•. T.-.; equation to the straight line joining them is: 

5\-l6v 


-61 
J^UnJOS.9) 
y} ^:0. SUral(,9.7) 

^4*. 3r.d 5) 
and (5.2^ 

^c*'*Und( 4, -6) 
y'i ^IT, 9'^and (13,-8) 

^15. 16j and (9, —3} 

^9 )^ 3. b>and(c, <5) 

A x(b-d) - y (a - c)-be-id 


X»2y (by yifokanarH loo) 
a*. X - y - 2 (by VUokanant too) 
2x-y-l 
5x-4y-17 
A J3x-5y-82 
.% I7x-4y-253 
19 x-6y-189 


II. The General Equation and TwoStraiokt LtNEs 


T« q'JwtioD frequently arises:—When does the general equa* 
lion 10 a siraight line represent two straight lines? 

Say, I2xV7xy-10y*-i-13X'r45y-35.0 
Expounding the current convcnijonal method.Prof. S.L. Loncy 
the wofld-reputed present-day authority on the subject devotes 
about 15 lines not of argument or of explanation but of hard 
solid working in scciion 119, example 1 on page 97 of his 
aeas of Co-ordinate Gewnetfy*Mo his model solution of this 


pro bis m as follows; 171 

Heres.l2.h-^,b—10.e- T'f= 

..bc-.2rgh-.f*-bg-cM ^ 

-I2x(-iO)x(-35)+2x-j-x-jX5—12 

-(-10)(^)'-(-Kr)' 

*075 ^ 


4095 


1715 


-- 1875- 


7500 




-4200 


4 



Vfdii Aftffhematlcs 


The equation n:pfc»cn« two slraicM line,. 

.h.-V+(t*-) 'I a-) 

‘ \ 


.-. X + 


7y+13_-^-i.3 


The iwo siraighl lines are 3x “ 2y- 7 ^nd 4x - - 5y-hS 

only comment fwssiblc for us lo make hereon ^ 
that the very magnitude of the numbers Involved in Ihc fraaiont. 
ihcir mulliptkations, subimcUonsecc., is a^^lfjnj 

and panje^siriking and that it Is such asinine burden-bearing 
labour that is responsible for, not as a justification for, but, at 
any rale, an extenuation for the inveterate hatred which many 
youngsters develop for mathematics as such and for their matlie> 
matkMeach«rc as well \ 

We make no reflection on Prof. Loney. He is perhaps one of 
the best, the finest and the most painstaking of maihematiciaRs 
and is very highly esteemed by us as such and for his beautiful 
publications which arc standard authorities on the various sub¬ 
jects which they deal with, It is the system that wc arc blaming. 
Of. at any rau, comparing and contrasting with the Vedic system. 

Now, the Vedic method herein is one by which we can itnme- 
d,.idy, .pply ,he Ordh.a Silra the AdyamAdycm SSlrc and 
It, satra and by merely looking at the frightfal 

'Ws and say:- 

I7cl are3x- 2y+7 -O.nd 4*+5y- S-O." 

cnpliunprtlmy ” ^'-'bn'etic, we proceed lo 

By -he 

“r’lStc" 

"*■ *e have meiiuiiy. l 2 »«+ 7 xy-lCy’-(3X'2y) 
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(4x+5y)i''>J"'‘=‘''’‘i’“nd~5to be the absol.. 

MO factors. We Ihus get (3x-2y+7j-0 at^Tix+S^S) 0 '*“ 

ihctwosifajght lines represented by the ^ * 

It is :i(l there is te it. ^ ^ And 

The Hyperbolas and the Asymptotes 

Dealing with the same principle and adopting the same pro- 
cedure in ccnneciion with the Hyperbola, the Conjugate Hyper¬ 
bola and the Asymptotes, in arlicks 324 and 325 on pages 293 
and 294 of his “Etemcnls of Co-ordinate Geometry'*, Prof. S.L. 
Loney devotes 27i-i4(=4l)Ji nes in all to the problem and con- 
cludes by saying: 

“As 3x‘“5xy —2y*H-5x-rUy-|-C*-0 is the equation of the 
Asymptotes, 

AC--12 

/. The Equation to the Asymptotes is 3x*-5Qf-2y>+5x 

+ Uy-I2-0 , ^ . 

And consequently the Equation lo the CoDjuptc Hyperbola is 

3*s-5xy-2y*+5x+Uy'-16-0‘*. 

WeU.aUlhisU not so Urrific-looking, because of the very 

simple fact that aU the working accordmg to kn. 

95 ele. has been taken for granted and d^ Z 

in Private, so to speak. Bur ^ 

«roga,orytoiUndth^ro« w 

By the Vedic method, ^yaJjdytna SStras; we first 

paw. the Ordhfa ITryak and the 

get mentally 3x+y and x - 2y vl j. ^ 

and then - 4 and 3 as the ,-n- sw-Wix+llv-lF 

onlyposMbilitiesIn the case; «— V -Ll -*- 

and as this gives us -12 in Eauation to the 

Je product, we get Hyperbola % at the same 

Asymptotes; and. as the ConjUgare nype 
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dislanec in the opposite dirccii^n fron. the Asymptotes. „ 

down the same equation with only-16 instead of - 8 *s ihc 

quired Equation to the Conjugate Hyperbola and have not |», 

to botiicf about ihc oomplcxili« ot the Discrtirunanis. the inevit. 
aWe sub$ijtutions and all Uw r«t of ill And that is all. 

A few more jUusitativc instances will not be out of place: 

(1) Sa»+IOxv-3y5-2x4-4y-2-0 | 

(2x-H3yX4x-y)-2x+4y-2-0 f 

4x- y+1 

2x+3y-l _ 

8x®+I0xy-3y»-2x+4y-1 -0 

/. The Eciuatiofl to the Asymptotes is 8x*-HlOxy-3y*-U 
H>4y«>l: and the Equation to the Conju^ie Hyperbola u 
8x*+lOxy - 3y* - 2x+4y - 0 

(2) y*-xy-2x*-5y+x-$-C A y4- x-21 

y-2x-3/ 

y*-xy-2x*+x-5y+6-0 

The Asymptotes arc (y+x - 2) (y - 2x—3) •• 0 \ 

And Che Conjugate Hyperbola is y*-xy—2x*+x—5y+18 »oj 

(3) 55x*-l20xy+20y'-|-64x-48y-0 A lU' 2y+4 

_lOy+4 

A 5^«-120xy4-20y«-f64x- 48y-fl6»0 

This is the Equation to the Asymptotes; and the Equation 
totfw Conjupie Hyperbola is 55x*-120xy+20yH64x-48y+ 

(4) I2x>-23xy+l0y«-25x+26y-14 A 4x-5y-^3 

3x-2y-4 

The Asymptotes are: nac«-23xy+10,»-25x+26y 

And die Ccajugate Hyperbola ia \ 23xy+lV-2^+^^ 

(6)6x.-dxy-eiy.+,4x+3y+4.Ux-3y+4, 

} 

A Independent term-4 


•*. Two straight lines. 
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Miscellaneous Matters 


There are also various subjects of a miscellaneous character 
which are of great practical interest not only to mathematirians 
and statisticians as such but also to ordinary people in the ordi¬ 
nary course of their various businesses etc., to which the modem 
system of accounting etc, docs scant justice and in which the 
Vedic S&Jras can he very helpful to them. We do not propose to 
deal with them now, except to name a few of them: 


(1) Subtractions; 

(2) Mixed additions and subtractions; 

(3) Compound additions and subtractions; 

(4) Additions of Vul^ Fractions 

(5) Comparison of Fractions; _ ,. . ^.^4 

(6) Simple and compound practice without takmg q P 

(7) Decimal operations in all decimal . 

(8) Ratios, Proportions, Percentages. Averages etc., 

(9) Interest, Annuities, Discount etc; 

(10) The Centro of Gravity of Hemc^heres etc. 

(IDTransformationofEq^tio^T^ p^^eumaticsetc. Applied 

(12) Dynamics. Sutistics, Hydfosiatjcs, 

Mechanics etc. ^ 

A.hArtubiecls, however, of an important 

N.B.; There are some other ‘ owing to their 

character which need detailed ««« ' ^ propose 

being more appropriate * jn view of their pttaU 

to deal vrith but which, at the ^ . iniefcsiing dxarattcr, da 
calimportancc and their them, therefore, bric/ly 

require a brief dcscfipuoft. We oeai 

hereunder. 
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SOLtDS, TRJOONOMtTKY, ASTRONOMY FTC. 

In Solid GtJomelry, Plane Tfigonometry, Spherical 
mclry and Asironemy too, there arc similarly huge 
Vcdic matcfial calculated tc lighten the mathematics stu^^ 
burden. We shall not, however, go here and now Into a dciAjj^ 
disquisition on such matters but shall merely nome a few of S 
imponant and most intercsling headings under which th^ 
subjects may be usefbUy studied: ^ 

(1) The TfigonometricalFunctions and their inter-relaiiorshipj^ 

( 2 ) Arcs and chords of drdes. angles and sines of angles etc.* 

(3) The converse^ i.e. sines of angles, the angles themselves, 
chords and arcs of circles etc.; 

(4) Determioams and their use in the Theory of Equations, 
Trigonometry, Conics, Calculus etc.; 

(5) Solids and why there can be only five regular Polyhedrons, 
etc.; 

(6) The Earth’s daily Rotation on its own twis and her annual 
relation around the Sun; 

(7) EcIipses; 

(8) The Theorem in Spherical Triangles relating to the product 

of the sjnes of the Alieroate Segments, i.c. about* 

StnBP SfnCE SinAF 
Sin DC SinEA 

dH"; of a dreia 

Actually, the value of i, g^ven ia ,he well-koown 
d«rrcrerXl«;'“ codc-uagua,, 

of them quite anom^^^ different meanings^^JI 

s,;Sd"st"'“"" 

. larly a hymn in praise of the Lord Shrt 

« an avaluatioo of^ to 32 pU«s 
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of D€Citna)s« \viih3 ‘'Self •contained mastcr-kev“ f«r 

evaluation to any number of decimal phcc?i 

AS ihcsm<lemand«ptciaUythenon.SaiBkr,\knoHings,ud«^ 

js not likely to be interested m and wU find great diffleuky in 
undersiaodiDg the puns and other literary beauties of the veree 
la respect of the first two meamags but naturally f«l ime. 
usted In and can easily follow tlie third mcaoinf, ^v-e give only 
that third one here: 

^ .3 141592653589793 \ 

10 “ 238462643383279 2,.. j 
on which* on uoderstanding it, Dr. V.P. Dalai of the Heidelburg 
University, Germany felt impelled—os a mathematiciao and 
physicist and also as a Sanskrit scholar—to put on record his 
comment as follows: 

‘*It shows how deeply the ancient Indian mathematicians 
penetrated, in the subtlety of their calculations, even whea 
the Creeks had no numerals above 1000 and ihcir multiplica¬ 
tions were so very complex, which they performed with the 

help of the counting frame by adding so many times the 
multiplier! 7x5 could be done by adding 7 on the counting 

frame 5 times r etc. 
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Jagadguru Swdmi 
Srf BhSrali Kf^na 
TTfthajl MahSrdja ' 

.Thrs cpof.|T.-^nking nnd monumental work on Vedic Mathematics 

lijornod of approach. It relates to the truth of 
numScrs'cny ^.sgniludes equal y applicable to all sciences and 
arts, ! A 

The book brings to light how great and true litowledge is bom 
of Intuition, quite different from modern Western method. The 
ancient Indian rnethod and Its secret techniques are examined 
and shown to :be capable of solving vahous problems of 
mathematics. Tt^e universe we live In has a basic mathematical 
St ructu re obey] nd the rul es of math em atlcal me asures and relali ons. 
All the subjects In mathematics^—Multiplication, Division. 
Factorization, Equations. Calculus. Analytical Conics, etc.—are 
dealt with in fort} chapters, vividly working out all problems, in the 
easiest ever method discovered so far. 

The volume, more a 'maglc\ is the result of intuitional visuallza* 
tion of fundamer^tal mathematical truths born after eight years of 
highly coricentrated endeavour of Jagadguru Srf Bharati Kfsna 
‘nrthd. 


Throughout the t>ooif efforts hsve Oeen maae to sc/ve theprotMenJs 
m 3 short tiroe snd m short space atsoone can see that the formiAes 
ghren by the author from Ve<i3s arsvey mterestirig and encourage a 
young mmd for tearmng mathemafKS as it wif not he a bugbear to 
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